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Abstract  
The goal of this project was to understand the function and effectiveness of stormwater 
treatment basins in removing contaminants from highway runoff in the Wachusett Watershed. 
Fieldwork and lab analysis of runoff, soil, groundwater and surface water samples were 
conducted to determine levels of specific conductance, solids, and metals. Additionally, an 
optimal stormwater basin was designed through modeling and low-cost alternatives were made 
to the Massachusetts Department of Conservation and Recreation to improve the current basin 
in place.  
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Capstone Design 
The Major Qualifying Project (MQP) for the Environmental Engineering Major at Worcester 
Polytechnic Institute is required to have a Capstone Design as part of the final project deliverable. 
To meet this requirement for the project, an optimal design and alternative recommendations 
were given to the sponsor, the Department of Conservation and Recreation (DCR), for a basin 
adjacent to Interstate 190 (I-190) in the Wachusett Watershed. The project selected one basin 
and analyzed its function and efficiency of trapping pollutants. Through gaining a better 
understanding of the basins, an optimal design was developed which could be implemented for 
multiple basins in the I-190 region of the watershed.  The Accreditation Board for Engineering 
and Technology requires that students graduate with the documented ability to "design a system, 
component, or process to meet desired needs within realistic constraints." To meet this 
requirement the design considered impacts of the following factors: environmental, 
constructability, sustainability, economic, social, and health and safety.  
Environmental 
The environmental impacts of this project were considered in Chapter 5 Recommendations / 
Design of this report. The recommendations focused on improving efficiency of the basin. By 
improving the basin's ability to capture sediments and contaminants associated with runoff from 
I-190, the project helped to improve water quality in the Wachusett Watershed. Additionally, it 
is especially important if there were to be a toxic spill on I-190 that the basin would be able to 
contain these hazards.     
Constructability 
With completion of this project, a list of improvements were provided to the DCR that could be 
implemented with the support of the MassDOT.  Additionally, the construction process of the 
optimal basin is relatively similar to previous basin construction plans as it aligns with the 
MassDEP Handbook and MassDOT Handbook standards and can be accomplished with limited 
difficulties. 
Sustainability 
The key to a quality product is to be sustainable, needing minimal maintenance and ensuring 
longevity. Through observation we noticed that the basins often became overgrown with 
vegetation making them difficult to enter. All recommendations for the basin attempted to 
minimize required maintenance and increase the life cycle of the basin.   
Economic 
The equipment and materials that were proposed in our report were not only considered for 
effectiveness but also cost. The state has a budget they have to work with, therefore 
improvements had to be selected for best quality with the lowest cost. For each characteristic of 
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the basin the cost was considered when choosing the details. For example, the optimal basin’s 
outlet structure we replicated the current outlet used in the project basin because it is stable and 
effective at this site. It is also the most cost effective option even though the MassDOT's 
recommended design is an outlet pipe.  Our team also provided the DCR with a list of additional 
improvements to allow for upgrades to be made to the basin as funds become available.    
Social 
The suggested improvements in our report impact the surrounding community of the reservoir 
and the Boston community that is supplied water from the reservoir. By recommending upgrades 
to the basin it helped improve the basin's preventative measures of inhibiting contaminants from 
spreading. Therefore the outflow water will be of higher quality and be less expensive to treat 
during the water treatment process. Higher water quality improves health for citizens and wildlife 
affected by the Wachusett Watershed. 
Health and Safety 
The DCR was concerned with the unknown risk of uncontained contaminants leaching from the 
basins into the Wachusett Reservoir. By deciding to collect groundwater, runoff, and soil data 
from several locations our team gathered a broad perspective of what flowed into and out of the 
basin. With these specific recommendations that improve the efficiency and quality of the basin, 
the DCR will be able to improve the health and safety of the surrounding community through 
cleaner drinking water.  
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Executive Summary 
The Wachusett Reservoir provides clean drinking water to the Greater Boston area. The water 
quality of this reservoir is monitored by the Department of Conservation and Recreation (DCR). 
One aspect of maintaining high water quality is treating stormwater runoff produced during 
storms, in particular highway runoff. The region this project focused on was Interstate 190 (I-190) 
in Sterling, MA. The types of stormwater Best Management Practice (BMP) used in this area are 
stormwater treatment basins which temporarily store and infiltrate water.  
The effects of these basins have not been monitored by the DCR. Therefore the MQP team 
wanted to develop a better understanding of these basins. The goal of this project was to 
evaluate the impact of the stormwater basins along I-190 in controlling runoff and develop 
appropriate recommendations to improve their effectiveness. The steps to accomplish this goal 
were to select the project basin and understand the impacts of the basin through field and lab 
work and desktop analysis with ArcGIS and HydroCAD©. The last step was to perform desktop 
modeling with HydroCAD© and Revit© to develop an optimal design and alternative 
recommendations for the current BMPs.  
Runoff, soil, and groundwater samples were collected between October and December 2016 at 
the project basin. Additionally, surface water samples were taken at Stillwater River, a nearby 
tributary of the reservoir. The runoff samples were collected during two storms via a Cipolletti 
weir constructed by wood and sandbags to create a measureable inlet pool to collect samples. 
Flow rates were then calculated for these storms. The soil samples were collected with a coring 
device and a shovel and the groundwater samples were collected with piezometers the team 
made.  
The samples were then analyzed for specific conductance, pH, Total Suspended Solids (TSS), and 
levels of metals in the WPI Kaven Hall Laboratory. The modeling program HydroCAD© was used 
to model the hydrology of the project drainage area and project basin. Hydrographs were then 
created for entirety of the storm events and theoretical storms. The key findings developed from 
our graphs and data analysis were in regards to metals in the runoff. The two metals that had 
detectable levels and were able to be easily followed throughout the flow path of the basin were 
Sodium (Na) and Magnesium (Mg). Na levels stayed consistent throughout the basin and various 
points of treatment. The groundwater levels near the outflow of the basin were similar to the 
inlet concentrations. On the other hand, Mg did decrease throughout the basin and had almost 
negligible levels at the outflow, showing that the basin was effective in trapping some 
contaminants.  
In order to address the areas of the project basin that needed improvement, an optimal BMP was 
designed. Alternative recommendations were made for the current project basin if the optimal 
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basin is not feasible. The BMP was designed in compliance with the revised 2008 MA Stormwater 
Management Standards and the 2017 Draft version of the MassDOT Stormwater Management 
Design Handbook. The required storage volume was determined to be 51,300 ft3 with dimensions 
of: 90 W x 95 L x 6H for the infiltration basin. The Simple Dynamic Method and hydrographs were 
used to determine this sizing and make sure the basin was designed to support storm events up 
to 100 year storm.  
The layout design for the optimal basin begins with a concrete ditch leading to a basin inlet where 
stormwater runoff from I-190 enters. The runoff will continue through a trash rack into the 
sediment forebay, where sediments will collect and settle, with runoff pooling until it spills over 
the check dam.  The check dam will then direct the flow of the runoff into the infiltration basin 
while reducing the flow’s velocity. Within the infiltration basin there will be two groundwater 
testing wells, native vegetation, and a permeable nonwoven geotextile liner below the soil layer. 
The runoff will continue to settle and infiltrate until it reaches the groundwater. The runoff will 
then exit the basin via groundwater or the spillway outlet. AutoCAD© and Revit© were used to 
show the layout, placement, elevations and dimensions of the optimal basin.  
While the optimal basin is our recommendation and preferred choice, low cost alternatives could 
be made to the current basin. These include planting native species, removing existing fences, 
performing routine maintenance, adding a trash rack to the inlet of the basin, and implementing 
permanent groundwater testing wells.  
This MQP provided the DCR with a greater understanding of the effectiveness of a stormwater 
treatment basin along I-190 and how runoff is being contained and treated. Future monitoring 
and extrapolation to the entirety of the BMPs along I-190 would allow for continually improved 
stormwater management.  
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Professional Licensure Statement  
Professional Engineers (PE) stand for quality, trust, and commitment to their work. The seal of a 
Professional Engineer represents that high standards and proper safety standards are met for the 
people and environment their work affects. Having a PE licensure allows private and public 
employers and clients to trust the work of that engineer. For some firms it is illegal to sign plans 
without holding onto a PE. Additionally, some universities and other higher education institutions 
require their teachers to have their PE. The PE has been a symbol of qualified work since its 
beginning 100 years ago in the state of Colorado (NSPE).  
To obtain a PE one must go through a multiple step process. The first step begins with completing 
four years of education in an accredited engineering program. After graduation, an engineer is 
expected to pass the Fundamentals of Engineering Exam. Then, once the engineer has completed 
four years of practice under a licensed PE they can take the Principles and Practice of Engineering 
Exam. The exam's concentration correlates with the specialty of the engineer. The Environmental 
Engineering PE exam is eight hours long and addresses the following areas: water, air, solid waste, 
site assessment and remediation, and environmental health and safety. Each state has a different 
PE exam but many have reciprocity between them.  
Passing the exam allows the engineer to become a PE and have the ability to sign and stamp 
engineering drawings, allowing them to go from design to construction. Holding a PE gives an 
engineer more opportunities, such as higher pay, job preference, and better job security. A PE on 
a business card or resume sets one apart from other candidates as being more prepared and 
better equipped.  It is also grants respect from others in the community. By holding a PE, you 
have gained the respect of those working under you, along with you, and above you as being 
qualified and competent to provide safe and high quality work. 
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Chapter 1: Introduction 
 “Stormwater runoff is generated from rain and snowmelt events that flow over land or 
impervious surfaces, such as paved streets, parking lots, and building rooftops, and does not soak 
into the ground” according to the US Environmental Protection Agency (EPA). This can be 
problematic because as the water moves over land or impervious surfaces it picks up various 
sources of contaminants and carries them to rivers, lakes, reservoirs, etc., threatening their water 
quality (EPA, 2016b). Specifically, road runoff can contain heavy metals, oils, debris and other 
toxic substances that are generated from construction, road maintenance and traffic (Nonpoint 
Source: Roads Highways and Bridges, 2015). This has a direct impact on water quality, especially 
for drinking water sources such as a reservoir.  The need to maintain water quality provides the 
framework for setting up points of treatment for stormwater.  
In Massachusetts, reservoirs are a crucial component in needed to provide clean drinking water.  
Maintaining a high quality of water in surface water bodies minimizes the amount of treatment 
required prior to distribution to communities. The Department of Conservation and Recreation 
(DCR) monitors the Wachusett Reservoir through sampling at water quality stations, which 
supplies water to the Greater Boston area through the Massachusetts Water Resources Authority 
(MWRA).  
A portion of this watershed and a number of tributary streams associated with the Wachusett 
Reservoir are in close proximity to Interstate-190 (I-190). Since highways are a main source of 
runoff and accumulation of pollutants, Stormwater Best Management Practices (BMPs) have 
been established in this region to control and treat this runoff before it enters the reservoir to 
protect the water quality.  The type of BMP used along I-190 is a stormwater treatment basin 
which temporarily stores water during storms. This type is typically found near roads with large 
amounts of traffic (Pennsylvania Stormwater Best Management Practices Manual, 2013).  
The DCR and our Worcester Polytechnic Institute (WPI) Major Qualifying Project (MQP) Team 
agreed to work together to gain a better understanding of the function of these BMPs in 
protecting water quality. The goal of this project was to evaluate the impact of the basins along 
I-190 in controlling runoff and develop appropriate recommendations to improve its 
effectiveness. These basins were crucial in controlling the impact of the runoff, but the effects of 
these basins were not monitored. Comprehension of these effects was completed through 
sampling, testing and data analysis that focused on specific conductance, heavy metals and Total 
Suspended Solids (TSS). To accomplish our goal, we developed the following objectives: 
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Objective 1: Develop an understanding of the impacts of highway runoff to the watershed and 
the use of a stormwater treatment basin as a management technique.  
● Review relevant literature regarding highway runoff and stormwater management  
● From possible basins, select project basin to focus on for testing and analysis 
● Perform collection of soil samples and groundwater samples in the project basin 
● Perform collection of water samples in the project basin and locations in the Stillwater 
River 
● Analyze samples in the laboratory  
 
Objective 2: Develop findings and identify deficiencies of the project basin. 
● Compare analyzed data to stormwater regulations and standards 
● Determine which contaminants negatively affect the water quality 
 
Objective 3: Deduce recommendations for the DCR that will improve the project basin and 
maximize its potential for protecting water quality.  
● Develop innovative design components and improvements for the project basin 
○ Complete a design for an optimal basin that improves water quality and supports 
capacity storm events 
○ Provide suggestions and design alternatives to improve current project basin 
based on real world constraints such as a lack of resources and finances   
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Chapter 2: Background 
A literature review of the main topics in this project is necessary to provide a basic understanding 
of what the project entails. This was done through research of the Wachusett Reservoir, the 
parties associated with the reservoir, stormwater runoff, regulations and best management 
practices. This process of reviewing past literature helps strengthen our team's understanding of 
the project and allows us to move forward with the development of the methodology.   
2.1 Wachusett Reservoir 
The Wachusett Dam was constructed in order to create the Wachusett Reservoir, resulting in the 
restriction of the flow of the Nashua River partially in the flooding areas of Boylston, West 
Boylston, Clinton and Sterling (MWRA, 2015). Since construction was completed in 1905 the 
reservoir has reached capacity at 4,135-acres of surface area (Energy and Environmental Affairs, 
2016). The MWRA incorporated the Wachusett Reservoir into its water system due to the 
continual growth of the Boston area.  In 2015, with the additional input flowing from the Quabbin 
Reservoir, the average volume of the reservoir was 58977-mg (MWRA, 2016a). Fifty-one 
communities in Massachusetts receive their water from a combination of the Wachusett and 
Quabbin Reservoirs through purchasing contracts with the MWRA (MWRA, 2016).  The 
Wachusett Reservoir can be seen in Figure 1.  
 
FIGURE 1: WACHUSETT RESERVOIR (GOOGLE, 2016) 
2.2 Relevant Stakeholders  
Various stakeholders concerned with the Wachusett Watershed were utilized in this project as a 
source of research and information particularly in regards to stormwater management and water 
quality. The Wachusett Reservoir is co-managed by the MWRA and the DCR. The parties must 
work together to follow the requirements, regulations and guidance provided by the EPA. Part of 
ensuring that they meet the EPA standards is working with the Massachusetts Department of 
Transportation (MassDOT) to ensure BMPs along roadways are being maintained to a regulated 
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standard. Our team took into account all parties during the project; working closely with the DCR 
while taking input from the MassDOT. 
2.2.1 U.S. Environmental Protection Agency 
The EPA’s Office of Water (OW) is tasked with ensuring that drinking water is safe for 
consumption while restoring and maintaining oceans and watersheds to protect human life and 
ecosystems. They implemented both the Clean Water Act (CWA) and Safe Drinking Water Act to 
ensure the reduction of runoff and improvement of water quality.  In Massachusetts, the EPA is 
responsible for implementation and oversight of the National Pollutant Discharge Elimination 
System permit program (Tetra Tech, 2010). The various stormwater management programs set 
up by the EPA are the guidelines our sponsor and the impacted communities need to comply 
with. 
2.2.2 Massachusetts Water Resources Authority    
The MWRA is responsible for the delivery and distribution of the reservoir water. To ensure they 
are providing reliable and quality water, they implemented the Integrated Water Supply/ Quality 
Program, in addition to complying with the EPA’s Safe Drinking Water Act (MWRA, 2015). The 
MWRA has to treat water if needed before it is distributed, therefore any data our team can 
provide pertaining to the runoff that goes from the stormwater treatment basins to the reservoir 
could be beneficial.   
2.2.3 The Department of Conservation and Recreation  
The DCR’s responsibility for the Wachusett Reservoir is to keep the water supply clean and 
protected against various sources of contamination. The DCR oversees the 21,028 acres of land 
that contains the Wachusett Reservoir and the watershed which surrounds the reservoir as seen 
in Figure 2 (DCR, 2004). The DCR’s oversight of the watershed area is important because the 
reservoir is naturally replenished from precipitation that enters the watershed and makes its way 
to the reservoir. Although land surrounding the reservoir is a mix of forest and wetlands, some 
land uses, such as roads, increase the potential of contamination to the reservoir (MWRA, 2016). 
Stormwater treatment basins are in place along the highways and some local roads, but the DCR 
would like to have a better understanding of the overall effectiveness and performance of them. 
Through a better understanding of what is flowing into the basins and how the basins are 
capturing or releasing contaminants, the DCR will be more aware of how they can contribute to 
effectively protecting the reservoir.  
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FIGURE 2: WACHUSETT WATERSHED (USGS, 2016) 
2.2.4 Massachusetts Department of Transportation   
During this project the MassDOT is listed as a contributing party because they have provided us 
with access into the basins and gave the DCR permission to provide maintenance to the project 
basin. MassDOT was a point of contact for our team, providing additional resources and advice 
on current stormwater practices. Additionally, the MassDOT has a main role in MA in protecting 
water quality and must consider various regulations and factors while providing a safe and 
reliable transportation system.  This is done through the process of abiding by their Stormwater 
Management Plan revised in 2009 that was granted with the approval of their Notice of Intent 
application for the EPA’s National Pollutant Discharge Elimination System General Permit for 
Stormwater Discharges from Small Municipal Separate Storm Sewer Systems (National Pollutant 
Discharge Elimination System, 2016). Since I-190 runs north to south on the west side of the 
reservoir as shown in Figure 2, it may cause risks to the quality of the water in the reservoir over 
a long period of time. Due to this potential risk, during the construction of I-190, sediment basins 
were put into place to capture water runoff from the roads during storms. According to Vincent 
Vignaly, from the DCR, some of the stormwater treatment basins in place today along I-190 were 
converted from the construction-phase sediment basins.  
2.2.5 Worcester Polytechnic Institute  
Our WPI team wants to effectively work with the DCR to create a deliverable that can be utilized 
and ideally implemented to improve the water quality of the Wachusett Reservoir in regards to 
stormwater treatment basins. Our team needs to ensure that along with the data and 
recommendations provided, there is also a capstone design element. In addition, we want to 
learn new skills and gain knowledge in concern with runoff, groundwater, soil, contamination 
impacts, watershed characteristics, sampling collection, and testing.  
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2.3 Stormwater Management    
As previously mentioned in Chapter 1 Introduction, stormwater runoff collects contaminants as 
it moves through an area transporting them to bodies of water. This is a risk to water quality 
therefore BMPs are used to help mitigate the effects of these contaminants to surface water.  
2.3.1 Interstate Stormwater Runoff   
Multiple studies have been conducted pertaining to stormwater runoff to discover what is 
coming off of highways, the quantity of these contaminants, and why these contaminants are 
present. A recent study was done by the MassDOT, in partner with US Department of 
Transportation and USGS, Quality of Stormwater Discharge from Massachusetts Highways, 2005-
07. The study looked at twelve sites along multiple highways with different amounts of traffic for 
two years by using automatic samplers. The study investigated runoff volume, turbidity, pH, and 
recoverable metals. The results showed that runoff during a rainstorm and snowmelt have higher 
levels of pollutants. pH was discovered to fluctuate depending on the time of year and runoff 
quantity. The study also conclusively found that deicing materials and maintenance sand are the 
leading contributors to spikes of pollutants in levels during winter months. The levels of chloride, 
nitrogen, total-recoverable metals, phosphorus, iron, and manganese, rose over the two years 
due to fuels, lubricants, antifreeze, windshield fluids, deicing, maintenance sand, and other 
automotive components (Smith, 2002). These increased levels are not as common in runoff 
generated from less busy roadways.  
2.3.2 Stormwater Regulations  
The EPA has set standards in regards to the amount of pollutants that can be present in 
stormwater runoff through the CWA and National Pollutant Discharge Elimination System 
(NPDES). The NPDES sets up a permitting system through the EPA to regulate runoff with a focus 
on protecting drinking water sources. “Mass Highway Stormwater Handbook for Highways and 
Bridges” written in 2004 states Massachusetts specific guidelines for stormwater best 
management practices. These guidelines include controls for wetlands, untreated stormwater, 
and removal efficiencies.   
2.3.3 Best Management Practices  
BMPs are used to mitigate the entrance of sediment and contaminants into the surface water 
and groundwater from various sources such as stormwater. The BMP we focused on in this 
project is a stormwater treatment basin. This type of BMP collects water during storms, reducing 
the chance of flooding and traps contaminants in the basin. Initially at this site were sediment 
basins, built during construction, but they were converted into treatment basins which 
permanently remained. According to the Massachusetts Erosion and Sediment Control 
Guidelines, sediment basins are a “settling pond with a controlled stormwater release structure 
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used to store and collect sediment” and “usually consist of an earth dam, spillway to carry normal 
water flow, and an emergency spillway for storm flows.” Stormwater treatment basins contain 
one or more chambers that divide the basin to make the basin more effective (Franklin, 
Hampden, Hampshire Conservation Districts, 2013).  
Other BMPs used by MassDOT as described in the MassDOT Stormwater Handbook are stated in 
this section. An Infiltration BMP is commonly used by MassDOT and essentially is a basin with 
filtration methods, such as a soil layer to groundwater filtering runoff and contaminants, and 
providing groundwater recharge. Vegetation, a sediment forebay, and a basin invert are crucial 
for success of this basin, providing up to 100% TSS removal. Biofiltration BMPs are shallow basins 
that filter stormwater through vegetation and soil media that has been engineered with some 
microbial processes. Through this up to 100% TSS removal can be achieved. One type of this BMP 
is Filtering Bioretention areas where infiltration cannot be used in areas of poor soil. The other 
type is Exfiltrating Bioretention areas where groundwater recharge and infiltration occurs. 
Another type of BMP is a Stormwater Wetlands. Constructed Stormwater Wetlands resemble 
wetlands where the basin site must have the ability to be naturally wet throughout the year. 
Sedimentation, sorption and microbial processes are used for treatment, with 60-80% TSS 
removal. A Subsurface Gravel Wetland is a subsurface structure that has a sediment forebay with 
at least one other subsurface component. The various elements of the basin provide aerobic and 
anaerobic treatment with up to 100% TSS removal. The last BMP to be discussed is a Wet Pond 
which is used in an area with significant pooling throughout the year and uses settling and storage 
mechanisms to treat stormwater.  It provides 60-80% TSS removal. The characteristics of these 
various BMPs can be used for reference when designing the optimal basin.  
2.3.4 Quality Concerns  
In order to ensure the continued flow of high quality water into the reservoir, the DCR performs 
routine sampling, analysis, and patrolling of the surrounding tributaries. From the water quality 
data of the surrounding tributaries and the reservoir collected in 2015, the DCR prepared a Water 
Quality Report. Based on the available data, the areas of focus of this report were bacteria, 
specific conductance, turbidity, pH and temperature.  
2.3.4.1 Specific Conductance   
Specific conductance is the measurement of water’s ability to support an electric current. This 
can then be used to determine what ions are present in water. Currently there are nineteen 
tributaries in the Wachusett Watershed region that are tested on a weekly or biweekly basis for 
specific conductance (2015 Water Quality Report, 2016). Potential factors that can increase 
specific conductance are dissolved solids and runoff from vehicles and salts such as NaCl 
(Murphy, 2007).  
  8 
The Quinapoxet and Stillwater Rivers are the two main tributaries to Wachusett Reservoir 
and are estimated to account for approximately 75 percent of annual inflow from the 
reservoir watershed. Measurements of conductivity in these rivers generally range 
between 60 and 240 uS/cm with an average value between 125 and 150 uS/cm (2015 
Water Quality Report, 2016). 
These average values mentioned previously can then be used as a comparison to the values of 
specific conductance found in the runoff, soil and groundwater of the project basin. If the values 
found in the basin are higher it shows that the runoff off of I-190 has poorer water quality than 
the tributaries, “elevated conductivity levels indicate contamination from stormwater” (2015 
Water Quality Report, 2016). Sampling of the progression of specific conductance throughout the 
basin reveals how the basin is trapping the ions. It is important to address specific conductance 
at its source or prior to entrance into the reservoir because it minimizes the need for additional 
treatment prior to distribution. “During periods of isothermy and mixing (November through 
March), conductivity values throughout the main Wachusett basin typically range from 75 to 145 
uS/cm” (2015 Water Quality Report, 2016). Additionally, numerous criteria need to be met 
according to the Federal Surface Treatment Rule or implementing filtration will be required (2015 
Water Quality Report, 2016).   
2.3.4.2 Metals  
Heavy metals are a main area of concern with regards to stormwater runoff potentially impacting 
water supply and aquatic life.  Heavy metals are present on highways due to the use of 
automobiles and industry (Environmental Assessment, 2016).  
Lead, zinc and copper are common metals present from automobiles pertaining to certain 
aspects of the vehicle. Lead is present due to “leaded gasoline, tire wear, lubricating oil and 
grease, bearing wear, and atmospheric fallout” (Smith, 2010). Zinc is present from “tire wear, 
motor oil, and grease” (Smith, 2010). Copper is present in the runoff due to “metal plating, 
bearing wear, engine parts, brake lining wear, and fungicides and insecticides use” (Smith, 2010). 
Road maintenance materials such as road salt (sodium chloride), sand (phosphorus, iron, and 
manganese), and liquid magnesium chloride all contribute to higher levels of metals on roadways 
during winter months. As a result, states that have to perform road maintenance due to snow 
should consider the impact that these additional pollutants have on the environment (Smith, 
2010). 
Metals can accumulate in soil depending on the solubility of the metals and the chemistry of the 
soil. This interaction between the soil and the metals can cause the trapping of certain metals in 
the soil in the stormwater treatment basin. The exchange process can be seen when dissolved 
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metals exchange with metals found in the soil. This process would cause the metals to remain in 
the basin, maintaining a high quality outflow from the basin (Evanko, 1997).  
2.3.4.3 Total Suspended Solids   
According to the “2015 Water Quality Report for the Wachusett Reservoir Watershed” “total 
suspended solids are those particles suspended in a water sample retained by a filter of 2μm pore 
size.” These particles can be naturally present or result from human activity. In general, “total 
suspended solids in Wachusett tributaries ranged from <5.0 mg/L to 22 mg/L, but only five of 110 
samples contained more than the detection limit” in the 2015 report, revealing TSS to not 
typically be of concern. During storms though “measurements in excess of 100 mg/L are not 
uncommon,” therefore samples for measuring TSS were collected in the project basin and 
Stillwater River during dry and wet weather as comparison.  It is common for TSS to accumulate 
in stormwater due to runoff containing pavement wear, road salt, debris, and vehicle exhaust 
emissions (Smith, 2010).   
2.3.4.4 pH 
The Wachusett Reservoir is routinely tested for pH, the activity of hydrogen ions. "Generally, pH 
values in Wachusett Reservoir are unremarkable, ranging from around neutral (pH=7) to slightly 
acidic (pH=6)” (2015 Water Quality Report, 2016). Due to these consistently minor fluctuations, 
pH is not typically a point of concern but we measured it in runoff, groundwater and river samples 
as a point of reference.  
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Chapter 3: Methodology  
The goal of this project was to evaluate the impact of the stormwater treatment basins along I-
190 in controlling runoff and develop appropriate recommendations to improve its effectiveness. 
To accomplish this the following tasks were performed. First, the project basin was selected from 
a list of 12 basins provided by the DCR. Selection criteria included accessibility, direct inlet of 
runoff, size, drainage area, and proximity to monitoring station. Then, a plan was developed and 
executed to determine the existing conditions of the basin through selecting storms, sampling, 
and desktop analysis.  From the collected and analyzed data, desktop modeling was used to 
design an optimal BMP and adapt it to real life constraints. Figure 3 visualizes the tasks 
performed.  
 
FIGURE 3: METHODOLOGY FLOW CHART 
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3.1 Selection of Basin  
The project basin was selected through evaluation of various characteristics including 
accessibility, direct inlet of runoff, size, drainage area, and the location relative to monitoring 
stations. To evaluate these characteristics various basins were visited in the watershed region 
per suggestion of the DCR from their expertise and knowledge of the area. The site visits were 
documented, in Appendix G: Field Notes, and observations were made based upon general 
understanding of how basins work and what they are supposed to accomplish. We also reviewed 
the construction plans for the basins and used Arc Geographic Information System (ArcGIS).  
3.1.1 Accessibility  
The first criterion was to have a basin with feasible entry to allow for the completion of sampling.   
Daniel Crocker and other members of the DCR visited all potential basin sites at the 
commencement of the project to determine their accessibility. Later, our team visited the basins 
that were not clearly ruled out as inaccessible along with members of the DCR to evaluate their 
conditions. Many basins had not been maintained in several years, therefore, the locks were 
stuck or the basins were too overgrown to drive or walk through. Figure 4 demonstrates a basin 
with adequate access, while Figure 5 demonstrates an inaccessible basin.  Basins with inadequate 
access were eliminated from consideration and the remaining basins moved on to be evaluated 
according to the next characteristic. 
 
FIGURE 4: ACCESSIBLE BASIN                           FIGURE 5: INACCESSIBLE BASIN  
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3.1.2 Direct Inlet of Runoff   
Direct inlet of runoff was the next characteristic used to evaluate the basins. It was important for 
the basin to allow for runoff samples to be taken directly from I-190.Therefore, it was necessary 
to have a basin that was in close approximation to the highway. Our team evaluated the source 
of runoff by reviewing the construction plans and using Google maps to locate catch basins. Catch 
basins are placed on the sides of roads as a stormwater management practice to transport water 
off of the roadway. The findings were all confirmed during field visits. The basins that did not 
have direct pipe inlets for runoff from I-190 were taken off the list of potential basins and the 
remaining basins were further evaluated. 
3.1.3 Size  
The third characteristic of the basin that was reviewed was the size. The size of the basin was 
considered because our team wanted to be able to access the entire basin during the observation 
and sampling process. A large basin would require more soil and groundwater samples to be 
taken than able to be tested in the lab.  Additionally, samples from a larger basin would have a 
higher likelihood of negligible detection levels since the contaminants in the basin would be more 
dispersed. Due to this the larger basins were eliminated from the list.    
3.1.4 Drainage Area   
Once it was determined that the basins on the list were of adequate size, the size of their drainage 
area also needed to be evaluated.  A larger drainage area would maximize the chance of obtaining 
useful results from the samples taken due to the fact that the basin would have a larger volume 
of input. To determine the drainage areas of the basins the 2ft contours layer was used on ArcGIS 
in parallel with the basin construction plans drainage details.  On both ArcGIS and the 
construction plans, the catch basins were used to correlate the two in order to determine the 
drainage area. 
3.1.5 Proximity to Monitoring Station  
Finally, our team decided on a basin that had the option of testing nearby water, such as a stream, 
pond or river. This was done to compare the samples from the project basin, which were directly 
from highway stormwater runoff, to a water source upstream and downstream from the project 
basin.  
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3.2 Understanding the Basin  
3.2.1 Sampling Plan   
A detailed sampling plan was created that included when, what, and how samples would be 
collected and analyzed. The purpose of collecting samples was to determine the efficiency of the 
basin. We measured specific conductance, pH, metal content, and TSS. Samples were taken at 
multiple locations in the basin to provide a well-rounded understanding of how the contaminants 
entered and moved through the basin. Runoff water samples were taken during storms to 
determine what entered the basin. Soil samples were collected to determine what contaminants 
were trapped by the soils. Groundwater samples were used to determine the metals that 
infiltrated the soil and verify if the substances left or remained in the basin area. Surface water 
samples were taken to determine how levels upstream and downstream of the basin differed 
from the runoff from I-190. All of the samples were tested in WPI’s Kaven Hall Environmental 
Laboratory.  
3.2.1.1 Location and Description  
Selecting locations for sampling was crucial. Basin 16:07 was selected as the example basin to 
show the sampling plan which was later modified for the chosen basin. In Figure 6 the blue 
triangles represent runoff water samples, the red triangles represent soil samples, and the green 
triangles represent groundwater samples.  
 
FIGURE 6: BASIN 16:07 SAMPLING LOCATIONS 
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Runoff samples were collected at the inlet of the basin at the cement inflow weir where multiple 
runoff points collect. The second location for runoff water samples was in the basin itself. Initially 
there was concern that this might be slightly more challenging since we noticed during our 
preliminary site visits that most of the basins were dry, but samples were able to be taken during 
and after storms. This provided a more well-rounded view of the basin and how the contaminants 
moved through it. 
Soil samples were collected at the end of the inflow weir where a majority of sediments 
accumulated. Samples were also collected at two other locations in the first chamber, to allow 
our team to understand the types of sediments that were present in the basin. The team took a 
soil sample in Chamber 2 of the basin to better understand the flow of metals from Chamber 1 
to the Chamber 2. Changes in the soil type and amount of topsoil from Chamber 1 to Chamber 2 
provided our team information about soil flow. A control sample was taken near the basin at a 
location of the same soil type but was not theoretically contaminated by storm runoff from I-190.  
Groundwater samples were taken near the proximity of the inflow weir and at two additional 
locations in Chamber 1. A groundwater sample was also collected in the second chamber of the 
basin and a sample was taken outside of the basin near a potential outflow to understand the 
contaminant movement. 
In addition to the samples mentioned above, samples were also taken at two locations separate 
from the project basin, one upstream and one downstream of I-190 as shown in Figure 7. 
 
FIGURE 7: UPSTREAM & DOWNSTREAM LOCATION (OLIVER, 2017) 
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Although there were many contributing factors that flow into the Stillwater River, the river that 
flows perpendicular to I-190, sampling data provided us with a broader view of water quality in 
this region. The upstream sample was taken from Stillwater River at Crowley Road, Northwest of 
I-190. The downstream sample was taken at an USGS automatic monitoring station, number 
01095220, which is on Muddy Pond Rd at the Stillwater River, East of I-190.  The station itself 
collects measurements of specific conductance at 25°C, water levels, pH, and precipitation.    
3.2.1.2 Samples  
We collected samples to test for a specific set of metals, specific conductance, pH and TSS.  
Multiple samples were taken on multiple days, to obtain comprehensive readings for the 
locations. The date, time, weather (rainfall data), and location were also documented. TSS 
samples were collected in one liter bottles. Specific conductance and pH were collected in one 
250 milliliter bottle. Metal samples were collected in 250 milliliter bottles. Soil was also collected 
in 250 milliliter bottles but had to undergo a drying process before testing. 
The following metals were analyzed: Aluminum (Al), Arsenic (As), Calcium(Ca), Chloride (Cl), 
Chromium (Cr), Copper (Cu), Cadmium (Cd), Chromium (Cr), Cobalt (Co), Iron (Fe), Lead (Pb), 
Manganese (Mn), Magnesium (Mg), Nickel (Ni), Potassium (K), Sodium (Na), Vanadium (V), and 
Zinc (Zn). These are common metals found in road runoff as documented in the study conducted 
by Smith and Granato, “Quality of Stormwater Runoff Discharged from Massachusetts Highways, 
2005–07.” The research included many of these elements which helped our team narrow down 
which metals to analyze in the water, soil and groundwater samples.  
The metals that are from road salt remnants are: Ca, Cl, Mg, and Na. Learning what the MassDOT 
uses on the roads during the winter on I-190 near the Wachusett Reservoir helped our team 
compile this list (Kenna, 2016).  
Nutrients were not analyzed for this project because the DCR already had detailed information 
on nutrients in this area. Nutrients include phosphorus, potassium, and sulfur.  
3.2.2 Storm Selection   
Our team worked with the DCR employee, Steve Sulprizio, to determine what storms would be 
suitable for sampling. The main requirements for the storm selection process included the storm 
being at least a 0.5 inch storm and the storm aligning with sampling during daylight. Additionally, 
Steve provided us with the times for the start, peak, and end of the storm so we could plan our 
sampling accordingly.  
3.2.2.1 Sampling Timeline  
The collected samples were dated and individually numbered and the number of samples taken 
from each site were recorded. A table was developed specifying sample number, sample location, 
sample time/date, and what the sample would be tested for.  Table 1 provides a basic outline of 
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when certain samples were collected and tested. We collected multiple samples to ensure an 
overview of the basin which helped us then understand the efficiency.  
TABLE 1: SAMPLE ITINERARY 
Day 11/2 11/15 11/16 11/29 12/1 
Weather 
No 
Precipitation 
Precipitation 
No 
Precipitation 
Precipitation 
No 
Precipitation 
Task Collected soil 
samples and dry 
stream samples 
 
Collect runoff 
and surface   
water 
samples 
Collect 
groundwater 
samples 
Collect runoff, 
surface water 
samples, and 
stream samples 
Collect 
groundwater 
samples 
 
 
3.2.3 Field and Lab Procedures  
The procedures and supplies used in the field to collect soil, water from the stream, runoff, and 
groundwater samples are explained in greater detail below. Laboratory analysis was completed 
for all the samples collected to further understand the characteristics of each sample through 
tests of specific conductance, pH, TSS, and levels of metals present. Through the mass 
spectrometry machines, the ICPMS Machine, and the ICS Machine, it was determined if a level of 
metal present seems high or hazardous to water quality.  More details of the methods used to 
complete these lab tests can be found in Appendix D: Lab Procedures.  
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3.2.3.1 Soil  
Soil was collected in the project basin at various locations and depths as described in Table 2. The 
soil samples were brought to the lab to be analyzed for metals and salts.  
TABLE 2: SOIL COLLECTION SUPPLIES AND PROCEDURE 
Supplies  Procedure  
 Stainless steel shovel 
 Coring device 
 250-mL Plastic sample 
bottles (one per sampling 
location) 
 Piece of notebook paper 
1. Remove topsoil with shovel 
2. Use coring device to dig deeper into the soil as seen in Figure 8 
3. Pull coring device out of ground 
4. Pour soil in the bottom of the coring device onto the piece of 
paper 
5. Funnel the soil into the sample bottle 
6. Take measurements of the depth of the soil samples 
 
FIGURE 8: CORING DEVICE IN SOIL 
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3.2.3.2 Water from Stream  
Three water samples were collected as described in Table 3 from the Stillwater River at an 
upstream and downstream location from the project basin to be used as a comparison. 1 L of 
water was collected for TSS, 250 mL was collected to measure specific conductance and pH, and 
250 mL was collected to test for anions and elements in the lab.  
TABLE 3: WATER COLLECTION SUPPLIES AND PROCEDURE 
Supplies  Procedure  
 1-L Plastic sample bottle (one 
per sampling location) 
 250-mL Plastic sample bottle (2 
per sampling location)   
 Thermometer  
 Cooler 
1. Rinse out sample bottle with river water three times 
2. Completely submerge sample bottle in the river until the 
bottle is completely full, as seen in Figure 9 
3. Measure temperature of river with thermometer  
4. Bring sample bottles back to lab for analysis in a cooler  
 
FIGURE 9: SUBMERGED SAMPLE BOTTLE 
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3.2.3.3 Construction of Weir   
To prepare for the collection of runoff during a storm event and determine flow rate, we 
constructed a Cipolletti weir and set up sandbags to direct and control the runoff with the help 
of the DCR as described in Table 4.  
TABLE 4: WEIR CONSTRUCTION SUPPLIES AND PROCEDURE 
Supplies  Procedure  
● Piece of wood 
● Measuring tape 
● Pencil or pen 
● Circular saw 
● Rafter square 
● Level    
● Sandbags 
1. Measure the length and height of the piece of wood 
2. With the use of the Discharge of Standard Cipolletti Weirs in ft3/s table 
found on the United States Bureau of Reclamation website, determine 
the amount of head needed to support the rate of discharge 
3. Use a measuring tape, rafting square, and pencil to draw the required 
dimensions on the board, as seen in Figure 10 
4. Use a circular saw to cut out the drawn dimensions   
5. Place sandbags, filled with soil from the project basin, in a format that 
supports the weir and builds a wall to trap runoff as shown in Figure 11 
 
 
FIGURE 10: WEIR OUTLINE  FIGURE 11: SETUP OF WEIR WITH SANDBAGS  
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3.2.3.4 Runoff  
During a storm event samples were collected about every half hour from the project basin, with 
the first sample being collected the moment the runoff overflowed the weir. 1 L of water was 
collected for TSS, 250 mL for specific conductance and pH and 250 mL for anions and elements. 
The level of the water and the length of the weir were documented to later determine the flow 
rate of the runoff at varying times. The supplies and procedures can be seen in Table 5. 
TABLE 5: RUNOFF COLLECTION SUPPLIES AND PROCEDURE 
Supplies  Procedure  
●  1-L Plastic sample bottles 
● 250-mL Plastic sample bottles  
● Water gauge   
● Staff gauge 
● Rain gage    
● Weir 
● Thermometer  
● Cooler 
1. During storm collect runoff that has pooled near the 
weir as shown in Figure 12 
2. Rinse bottles 3 times with water 
3. Submerge bottle underwater to fill 
4. Take a 1L sample and two 250 mL samples 
5. Document the level of water in the rain gauge 
6. Measure height of the runoff with staff gauge 
7. Measure the temperature of the runoff with a 
thermometer 
8. Bring samples back to lab in cooler  
 
 
FIGURE 12: STORM RUNOFF POOL 
  
  21 
3.2.3.5 Construction of Piezometers  
To prepare for the collection of groundwater after a storm event, we constructed piezometers 
and placed them in the ground at various locations in and around the project basin as described 
in Table 6. They were placed at a depth of one to two feet down in the soil.  
TABLE 6: PIEZOMETERS CONSTRUCTION SUPPLIES AND PROCEDURE 
Supplies  Procedure  
● Stainless steel shovel 
● Coring device 
● Measuring tape 
● PVC pipes 
● PVC pipe caps  
● Handsaw  
● 1 Metal poll piezometer 
1. Cut 3 ft. section of pipe  
2. Saw 1 in slits in the bottom 6 in of the pipe as seen in Figure 13 
3. Insert a cap into both ends  
4. Remove topsoil with shovel 
5. Use coring device to dig deeper 
6. Measure depth of the hole and record location   
7. Place piezometers in the hole 
8. Collect small stones and place them around piezometer to 
prevent clogging 
9. Fill in and back hole with removed soil as shown in Figure 14 
 
FIGURE 13: CUTTING PIEZOMETER  SLITS  FIGURE 14: PIEZOMETER IN SOIL         
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3.2.3.6 Groundwater 
Water that accumulates in the project basin eventually evaporates or infiltrates into the ground. 
To determine the quality of the water that infiltrated, groundwater within and near the project 
basin was collected using the piezometer.  A groundwater sample of 250 mL was collected for 
TSS, another sample of 250 mL for specific conductance and pH and a third sample of 250 mL for 
metals at each location as described in Table 7. Determining what was in the groundwater helped 
our team comprehend the movement of water through the basin.  
TABLE 7: GROUNDWATER COLLECTION SUPPLIES AND PROCEDURE 
Supplies  Procedure  
● GeoPump 2 made by Geotech 
Environmental Equipment Inc. 
● 4’ Plastic tubing 
● 250-mL Plastic sample bottles (3 per 
location) 
● Cooler  
1. Insert or attach plastic tubing to piezometer 
2. Hook GeoPump 2 up to the tubing 
3. Connect the pump to a battery and turn on 
4. Take three flushes of groundwater and discard 
5. Take three samples using 250-mL sample bottles as 
seen in Figures 15 
6. Unhook pump and leave piezometer 
7. Bring samples back to lab in cooler 
 
FIGURE 15: COLLECTION OF GROUNDWATER SAMPLES WITH GEOPUMP 
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3.2.4 Desktop Analysis    
Once results were produced through field and lab work, our team interpreted the results. To 
achieve this we created graphs using Microsoft Excel of all the results and determined what 
graphs showed us a trend, varied levels, or correlations. Graphs for our final analysis can be found 
in Section 4.4 Stormwater and Basin Characteristics and additional graphs can be found in 
Appendix I: Graphs.  In addition to analyzing our lab results, a desktop design analysis was 
conducted to gain a greater understanding of the current project basin to be used in the optimal 
basin design. This desktop design analysis consisted of calculating flow rates for the runoff during 
Storm 1 and Storm 2 to determine the discharge from the drainage area going into the project 
basin. Flows were calculated via two different methods. The first method used a mathematical 
equation specific to the type of weir used, a Cipolletti weir. The second method was with the 
computer software program HydroCAD©.  
3.2.4.1 Flow Rate Cipolletti Weir 
Section 3.2.3.3 Field and Lab Procedures stated the procedure followed to create the weir.  
Equation 1 was used to calculate the flow rate during Storm 1 and Storm 2, specific to the 
Cipolletti (trapezoidal) weir. It takes the level of water, height of the weir and length of weir (L) 
into consideration for each measurement of runoff collected. Refer to Appendix F:1 Cipolletti 
Weir Hand Calculations to see the calculations of flow rates for each sample that was collected 
during the storms.  
𝑄 = 3.367 ∗ 𝐿 ∗ ℎ
3
2 
EQUATION 1 
𝒉𝒆𝒂𝒅(𝒉) = 𝒘𝒂𝒕𝒆𝒓 𝒅𝒆𝒑𝒕𝒉 𝒃𝒆𝒉𝒊𝒏𝒅 𝒘𝒆𝒊𝒓 − 𝒅𝒆𝒑𝒕𝒉 𝒐𝒇 𝒘𝒆𝒊𝒓 𝒄𝒓𝒆𝒔𝒕 
EQUATION 2 
𝐿 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑤𝑒𝑖𝑟 
EQUATION 3 
3.2.4.2 HydroCAD© 
HydroCAD© was used to model the hydrology of the project drainage area and basin. Using 
HydroCAD© allowed our team to create hydrographs for the entirety of the storm events and 
theoretical storms, not just for the samples we had collected. To model the hydrology of the 
project drainage area and basin a series of 2 nodes was used. A subcatchment node (1S) was used 
for the drainage area and a pond node (1P) was used for the project basin as seen in the final 
diagram in Figure 16.   
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FIGURE 16: PROJECT BASIN ROUTING DIAGRAM 
The parameters used in node 1S were the area, curve numbers (CN) and time of concentration 
(Tc). To determine the area, the drainage area was divided up by land use with soil type using 
ArcGIS and the acreage for each was recorded in the table as seen in Figure 17.  The CN is a 
parameter representing the direct runoff and infiltration of an area. To find the CN value 
associated with each land section the "Lookup CN feature" on HydroCAD© was used as seen in 
Figure 17. The final weighted CN used was 88.  To determine the Tc, the sheet flow, shallow 
concentrated flow, pipe channel, and parabolic channel methods were used. The sheet flow was 
used for the plane grass surface. The shallow concentrated method was used instead of sheet 
flow for the grassed waterway ditch because its flow length exceeded 300ft and it is assumed 
that at over 300ft sheet flow becomes shallow concentrated flow (United States Department of 
Agriculture, 1986). The pipe flow method was used for the concrete pipe and the parabolic 
channel method was used for the concrete ditch. ArcGIS elevations and distances were used in 
hand calculations to determine slopes.  The final Tc used was 22.9 minutes. This Tc generally 
agreed with what we observed while in the field for when the storm started and when we began 
to see the runoff flow into the basin.  
 
FIGURE 17: PROJECT BASIN HYDROCAD© AREAS AND CN 
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Node 1P parameters included the fact that the project basin was a stormwater detention pond, 
the storage parameters that were found using the construction plans and ArcGIS, and the outlet 
parameters. For the model, there were two outlets for 1P: Exfiltration and the Broad-crested 
Rectangular Weir. For exfiltration, the conductivity was chosen by a weighted average of loamy 
sand and sand from Table 13 to be 5.34. A wetted area was used for exfiltration to include 
horizontal exfiltration.  A summary of the values can be found in Table 8.  
TABLE 8: NODE 1P PARAMETERS 
Parameter  Value  
Storage: Description  Prismatoid  
Storage: Invert Elevation  421' 
Storage: Bottom Width  65' 
Storage: Bottom Length  135' 
Storage: Height  5' 
Storage: Side-Z (rise/ run)  0.5 
Outlet Weir: Invert Elevation  426'  
Outlet Weir: Crest Length 50'  
Outlet Weir: Crest Breadth  15' 
Exfiltration: Conductivity  5.34 in /hr.  
Exfiltration: Ground Elevation  390'  
 
In order to create hydrographs for our specific storms we had to input the storm data into the 
HydroCAD© rainfall directory using the edit function as seen in Figure 18. The duration of storm 
was 12 hours and the total rainfall was used as the depth for both storms. The antecedent 
moisture condition (AMC) is the moisture level in the ground immediately prior to the storm 
according to the HydroCAD© Stormwater Modeling System Version 10 Owner's Manual.  The 
AMC used was 2, which denotes normal soil as it is used in most design work (HydroCAD©, 2011).  
 
FIGURE 18: INPUTTING STORMS  
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Chapter 4: Results  
The project included the evaluation of the impacts of a stormwater treatment basin on water 
quality, specifically the impact of the stormwater runoff from I-190 on the Wachusett Reservoir. 
Once the project basin was selected, we focused on understanding the layout of the basin from 
its point of construction. Other topics of research included the drainage area to understand the 
movement of runoff and the different land uses and soils affecting the point of infiltration. The 
results of this evaluation included detectable levels of Na, Mg, specific conductance and TSS. Na 
and Mg were examined more closely because they had detectable levels that moved through or 
were captured within the basin.  
4.1 Project Basin  
Basin 16:07 was selected as the project basin. As seen in Figure 19, the project basin is located in 
the southwest quadrant of the intersection of I-190 and Greenland Road in Sterling, 
Massachusetts near the Sterling Airport and Muddy Pond. Access to the basin can be gained from 
Greenland Road. The process of selecting a project basin and details specific to the chosen project 
basin, Basin 16:07, can be found in the following sections.  
 
FIGURE 19: PROJECT BASIN (GOOGLE, 2017) 
4.1.1 Selection of Basin 
Basin 16:07 was chosen after evaluating 12 basins on accessibility, direct inlet of runoff, size, 
drainage area, and location relative to monitoring stations. Figure 20 provides a summary of the 
characteristics that were considered and which basins moved on to each level of evaluation. 
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FIGURE 20: BASIN SELECTION 
4.1.2 Basin Drainage Area 
The drainage area for Basin 16:07 was calculated to be 7.40 acres, as seen in Figure 21, based on 
the construction plans included in Appendix E: Drainage Area and ArcGIS.   
 
FIGURE 21: PROJECT BASIN DRAINAGE AREA 
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4.1.3 Layout of Basin   
Sedimentation pools were built in the 1970s to collect sediment runoff during the construction 
of I-190. The basins were modified into stormwater treatment basins after construction was 
finished to protect the Wachusett Reservoir from pollutants and hazardous spills on the roadway.  
There are two ways by which water exits I-190. One option is through catch basins, which capture 
and transport the runoff via pipes to a concrete ditch. The other option is water running off of 
the road, down the embankment to a concrete ditch. Basin 16:07 utilizes both of these options. 
Once the water flows along the concrete ditch, it enters the concrete inlet of the basin. The inlet 
ditch funnels the water and deposits it into Chamber 1 of the basin, as seen in Figure 22. 
 
FIGURE 22: OVERVIEW OF BASIN 
Chamber 1 is made to support large volumes of runoff water as seen through observations made 
during field visits, Appendix G:1 Field Visit 9-26-2016. It was noticed during the storms that the 
water would pool in Chamber 1 and allow suspended solids to sink before water moved to 
Chamber 2 when Chamber 1 reached maximum storage. Then as the water levels increased 
throughout the basin, Chamber 2 would fill. To separate the two chambers and help slow flow, 
Basin 16:07 uses a Type 2 Barrier, which includes a long concrete wall with a wooden panel gate 
weir. A sand bottom and berm in Chamber 2 promotes infiltration. When water levels exceed the 
height of both chambers, the water is directed by the grading of the basin to flow out of the 
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chambers over the spillway of the basin. Figure 22 gives a visual representation of how the water 
moves in the basin. 
 
FIGURE 23: ORIGINALLY CONSTRUCTED SEDIMENT BASIN 
 
FIGURE 24: ORIGINAL SEDIMENT BASIN DIMENSION CHART FROM PLANS 
 Basin 16:07 was originally built for the construction of I-190 in the late 1970s to capture 
construction-related sediment and turbidity. The basin originally extended northerly where I-190 
is currently located, as seen in Figure 23. Figure 24 shows the dimensions of Basin 16:07, boxed 
in pink, at its post-constructed size. However, the pool dimensions changed when it was modified 
into a stormwater treatment basin and might have changed slightly again due to maintenance in 
2004. Current dimensions were taken during field visits. Additionally, the basin was built with a 
ramp so maintenance vehicles could access the basin. The goal of the basin was to filter the water 
though physical treatment processes, such as sedimentation and infiltration before the water left 
the basin. In Appendix B: Layout, multiple figures illustrate the layout, structure, and design of 
the original design basin.  
N 
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4.2 Hydrograph  
A hydrograph shows the relation between flow during a storm event and time. Understanding 
the discharge of the runoff allowed for a more thorough understanding of what the project basin 
was capable of supporting and the necessary process of movement and infiltration through the 
basin. The results from the flow calculations and total storage area of the basin can be found in 
the following sections. 
4.2.1 Weir Design & Construction  
A Cipolletti weir was used in the collection of runoff samples in the project basin. A rough 
estimate of the anticipated flow was needed to establish the weir length. The table, Discharge of 
Standard Cipolletti Weirs in ft3/s, from the United States Bureau of Reclamation provides 
information regarding the relationship between head, weir length and the discharge rate. The 
weir length had to be between 2 and 3 feet and the flow rate had to be approximately 5 cubic 
feet per second (cfs). Using the table, the head was determined to be 0.7 feet. Then the weir 
trapezoidal shape was made with a 4:1 slope for 5 cfs with 2.5 feet length and 1.25 feet on each 
side to be secured with sandbags. 
4.2.2 CN Values and Tc 
The drainage area was divided into segments according to land use and correlating soil type. Soil 
type ranged from "A" being a porous sand through "C" being a hard-packed glacial till. The land 
use, soil type, and area for each segment within the drainage area were taken from ArcGIS and 
then taken into account to find the CN values for the drainage area on HydroCAD© . A summary 
of all the values can be found in Table 9.  The total drainage area is 7.40 acres resulting in an 
average CN of 88.  
TABLE 9: ACRES AND CN VALUES 
Land Use from ArcGIS Soil Type from ArcGIS Area (acres) CN Value 
Transportation  A 6.2 98 
Brushland/Successional A 0.535 35 
Forest A 0.535 36 
Cropland A 0.040 49 
Forest C 0.030 73 
Forest B 0.060 60 
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The specific path used to determine the Tc can be seen in Figure 25. The specific lengths and 
elevations can be seen in Table 10.  
 
 
FIGURE 25: PROJECT BASIN TC FLOW LENGTH  
 
TABLE 10: FLOW LENGTHS AND WATERCOURSE SLOPE 
 
 
A 
Grass 
B 
Sod Ditch  
C 
Concrete Pipe  
D 
Concrete Ditch 
 Start Elevation  445' 443' 440' 430' 
 End Elevation  443' 440' 430' 424' 
 Length  75' 700' 340' 150' 
 Slope  0.03 0.004 0.03 0.04 
 
4.2.3 Storm Data   
Samples were collected during two storms for our project to help comprehend stormwater 
impacts and responses in the project basin and Stillwater River.  
Storm 1 had a total rainfall of 1.07 inches and occurred on Tuesday, November 15, 2016 from 
12:30pm until 10:45pm, shown on Figure 26 as hour 0 until 10.25 hours. Runoff samples were 
collected between 2pm and 5pm in 20-30 minute intervals, shown on Figure 26 as hour 1.5 until 
4.5 hours into the storm. Due to the daylight restrictions, our team was not able to collect a 
sample during the peak of the storm. Storm 1 captured the first flush, the beginning of the 
stormwater runoff which has high concentrations of contaminates compared to the rest of the 
storm, as seen in Figure 30.  
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Storm 2 had a total rainfall of 0.69 inches and took place on Tuesday, November 29th from 11am 
until 7:30pm, seen on the graph as hour 0 until hour 8.5. Runoff samples were collected between 
3pm and 5:40pm in 20-30 minute intervals starting 4 hours into the storm until 6.75 hours into 
the storm. It is unknown if the first flush was captured during the storm because in Figure 31 
there was no peak in contaminant levels. Stillwater River samples were also collected during this 
time at approximately 2:20pm and 4:15pm, seen on the graph at 3.25 and 5.25 hours after the 
storm started.  
The hyetographs shown in Figure 26, shows a comparison of the rainfall between Storm 1 and 
Storm 2 over time.  
 
FIGURE 26: CUMULATIVE PRECIPITATION OF STORM 1 AND STORM 2 
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4.2.4 Mathematically Calculated Flow Rates   
The flow rates mathematically calculated for Storm 1 and Storm 2 can be found in Figure 27 
versus rainfall depth.  
 
FIGURE 27: FLOWRATE AND RAINFALL FOR STORM 1 AND STORM 2 DURING SAMPLING PERIOD 
4.2.5 HydroCAD© Output 
The hydraulic outputs for the HydroCAD© model based on Basin 16:07 can be seen for Storm 1 
and Storm 2 in Appendix F:2 HydroCAD©. The only parameter different between the two models 
is the storm chosen.  In the hydrology output, shown in Figures 28 and 29, the furthest line back 
represents the basin inflow. The second line from the back represents the total outflow or the 
sum of the “primary” and “discharge” lines.  The third line from the back represents the discharge 
though infiltration. All of the water leaves through infiltration for the chosen storms in the project 
basin. The last line, closest to the front, represents the primary outflow which is at zero since no 
water leaves over the outfall.  
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FIGURE 28: STORM 1 HYDROCAD© HYDROLOGY 
 
FIGURE 29: STORM 2 HYDROCAD© HYDROLOGY 
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4.3 Field Observations   
Each time our team went to the field we took detailed notes of observations made and tasks 
completed and summarized them in field notes.  Observations recorded included but were not 
limited to the weather, date, location, materials used, samples taken, and photographic 
evidence.  These notes were used as a reference when performing analysis and writing this 
report, as found in Appendix G: Field Notes.  
One key finding developed from the field notes from Storm 2 sample collection was in regards to 
groundwater collection. By the time our team collected groundwater samples two days after 
Storm 2 had occurred, additional rainfall had happened between the two sampling days.  When 
we arrived to collect groundwater samples there was standing water in Chamber 1 and some had 
overflowed into Chamber 2. The amount of standing water in the two basins may have had some 
impact on the groundwater quality, although the extent of this impact cannot be fully 
determined.  
4.4 Stormwater and Basin Characteristics  
This section will discuss the analysis of the data, following the water as it enters the basin and 
potential travels to the Stillwater River which carries water to the Wachusett Reservoir. To gain 
a better understanding of the basin we chose to focus on Na and Mg. Several other metals were 
tested for and all the raw data can be found in Appendix H: Data Sheets. During the preliminary 
look of the data, graphs were made with all metals included; those graphs can be found in 
Appendix I: Graphs. For discussion purposes some metals were removed from the graphs due 
concentration levels being undetectable. Na and Mg were the two metals that were chosen to 
present here due to their similarities and differences in how they moved through the basin and 
their visibly detectable levels.  
4.4.1 Runoff  
Runoff, was collected during two storms at the inlet of the basin. Metals, TSS, specific 
conductance, and flow rates were analyzed and compared for each of the storms. Conclusions 
from these results began the visualization of the movement of stormwater through the basin.  
4.4.1.1 Sodium in Runoff  
Sodium (Na), one of the several metals that we tested for, was found to have the highest metal 
amount present during both storms. Due to highway treatment during the winter Na is commonly 
found in high amounts along the sides of roads. MassDOT regulates the amount of rock salt used 
on I-190. However, the local towns surrounding I-190 do not have regulations on the amount or 
type of rock salt they can use.  
To better understand how the levels of Na increased we followed it as the storm progressed in 
the figures below. 
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FIGURE 30: RUNOFF DISSOLVED METALS WITH TOTAL PRECIPITATION FROM STORM 1 
Figure 30 shows the levels of Na in runoff during Storm 1 along with Mg, K, and Ca. These metals 
were shown on the figure to show the large difference in concentration between them and Na. 
Additional metals were tested for but were not included in Figure 30 because their results were 
much lower and could not be observed on this plot. Since the cumulative precipitation is overlaid 
on this figure, the first flush can be easily seen in the peak at 0:30. As the storm continues, the 
concentration of metals decreases as expected.  
Figure 31 shows the levels of Na in runoff during Storm 2 along with Mg, K, and Ca. The data 
begins with the first flush. Figure 30 and Figure 31 have very similarly shaped figures but looking 
at the y-axis scale it can be seen that the amount of Na in parts per million (ppm) was much 
higher in Storm 2.  
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FIGURE 31: RUNOFF DISSOLVED METALS WITH TOTAL PRECIPITATION FROM STORM 2 
 
FIGURE 32: COMPARISON OF NA FOR CUMULATIVE PRECIPITATION OF STORM 1 AND STORM 2 
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Figure 32 shows data from both storms and through comparative analysis it can be seen that 
Storm 2 had a greater dissolved concentration of Na. We believe the concentration was higher 
during Storm 2 because during the weekend preceding the storm there was an ice warning on 
the roads. MassDOT applied road salt and pre-wet magnesium chloride solution on I-190 to 
ensure safety on the roadway. The road salt was washed off I-190 during the storm and into the 
project basin. Figure 32 clearly shows the impact road salt has on the amount of Na in the basin.  
Note that Storm 2 is offset so that both storm’s first flushes are aligned.  
4.4.1.2 Magnesium in Runoff 
The compound magnesium chloride is used as wet pre-treatment before road salt is used on 
the roads. For this reason Mg was also analyzed. Mg can also be found on the roads from cars; 
Mg alloy is used in multiple parts of cars, such as car frames due to its light weight and high 
strength.  
 
FIGURE 33: RUNOFF DISSOLVED METALS W/O NA WITH SPECIFIC CONDUCTANCE FROM STORM 1 
Figure 33, shows the concentrations of Mg from Storm 1 present in the runoff. EPA regulation 
levels for human and organism health for consumption for Mg need to be below 50 µg/L.  At the 
peak of Mg during the storm the runoff levels were above 1000ppm (1000mg/L). It is important 
to note that these samples were taken before the water entered the reservoir, before any water 
treatment processes. 
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FIGURE 34: COMPARISON OF MG FOR CUMULATIVE PRECIPITATION OF STORM 1 AND STORM 2 
Figure 34 shows the difference in Mg concentrations from Storm 1 to Storm 2. The levels of Mg 
were significantly higher in Storm 2 than Storm 1. The Mg levels at the peak of Storm 2 were at 
3025 ppm (3025mg/L), which is still higher the EPA limit. Runoff is all pre-treatment however and 
the levels did decrease as stormwater progressed through the basin from Chamber 1 to Chamber 
2, showing how the project basin was successful in trapping Mg and reducing outflow levels of 
Mg.  
4.4.1.3 Specific Conductance and Na in Runoff 
Figure 35 shows how specific conductance from Storm 1 to Storm 2 varied and how closely they 
matched the Na concentration levels. This revealed how the specific conductance levels 
decreased as the total metal concentration decreased.  
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FIGURE 35: COMPARISON OF NA AND SPECIFIC CONDUCTANCE OF STORM 1 AND STORM 2 
4.4.1.4 TSS in Runoff 
The TSS results for runoff as modeled in Figure 36 show a similar trend for both Storm 1 and 
Storm 2. The TSS data for Storm 2 were off placed by one in Figure 36 since Storm 1 caught the 
first flush at time 0. As the storm continues, the TSS per sample decreased.  
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FIGURE 36: RUNOFF TESTED FOR TSS WITH CUMULATIVE RAINFALL FOR STORM 1 AND STORM 2 
4.4.1.5 TSS and Specific Conductance in Runoff   
Figure 37 shows Storm 1 TSS data along with specific conductance. Even though these levels are 
read on two separate axes they closely mirror each other; when TSS levels rose, specific 
conductance levels increased as well.   This can also be seen in Figure 38, which represents Storm 
2. Except for the drop at hour 1 in Figure 37 and the increase at hour 1 in Figure 38, the similarities 
of specific conductance and TSS were very close.  
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FIGURE 37: RUNOFF TESTED FOR SPECIFIC CONDUCTANCE VS. TSS STORM 1 
 
FIGURE 38: RUNOFF TESTED FOR SPECIFIC CONDUCTANCE VS. TSS STORM 2 
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4.4.2 Soil  
The bottom of the basin per construction standard plans, Appendix B: Layout, is composed of 
crushed rocks and gravel with impervious soil in both chambers. Chamber 1's topsoil had dark 
organic soil that had washed into the basin due to storm runoff.  Chamber 2 had a sloped sand 
side that ran parallel to it to increase infiltration when water levels were high. Over time a large 
percentage of the sand had washed down the slope into the bottom of Chamber 2, as seen in the 
Appendix G: Field Notes. When soil samples were taken, we noticed that the thickness of the 
dark topsoil decreased in depth the further away from the inlet, as documented in Table 11. The 
layer below the topsoil was lighter and more compact, most likely filled in during construction. 
Soil samples were collected according to the map shown in Figure 39.  
 
 
FIGURE 39: SOIL SAMPLE MAP 
 
  
N 
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TABLE 11: SOIL SAMPLE LOCATION AND TYPE 
Sample Location Soil Type Depth of Sample Color 
A Topsoil 6” Dark 
B Topsoil 11” Dark 
C Fill 6” Light 
D Mix of Both 1’-1’6” Light & Dark Mix 
E Topsoil 4.5” Dark 
F (Control) Topsoil 1’1.5” Dark 
 
Figure 40 shows the location of sampling vs. the metals that were analyzed with the highest 
levels. Fe was not included since it was found naturally occurring in soil and its levels would have 
skewed the rest of the data.  
 
FIGURE 40: SOILS TESTED FOR TOTAL METALS 
The most important aspect of Figure 40 was the levels of metals present in the soil. When 
analyzing this graph, we focused on the significance of the sample's soil type and collection 
location within the basin. On the sampling location map, B and C are close together, however, 
their results were largely different on the graph. Higher levels of Mg, K, and Al were found in 
sample C, which came from the layer of soil below the topsoil. This indicated that this type of soil 
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attracted those metals specifically. Na was also tested for but had very low levels. When taking 
a closer look, Na dipped at location C compared to the other types of metals. This means that the 
topsoil trapped the most Na while the deeper soil did not.  
Figure 40, also shows that at location E, found in Chamber 2, the amount of metals captured in 
the soil was lower than levels found in Chamber 1. This is due to the fact that Chamber 2 had a 
high level of sand present, which quickly infiltrated the runoff. Additionally, most runoff did not 
reach Chamber 2.  
4.4.3 Groundwater 
Groundwater samples were collected according to the map shown in Figure 41. The groundwater 
table is unknown for this location because we were unable to dig deep enough to reach it.  
However, after rainstorms, the soil was saturated enough to take several samples.  
 
FIGURE 41: GROUNDWATER SAMPLE MAP 
 
N 
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4.4.3.1 Sodium in Groundwater   
The groundwater samples from both storms were tested for dissolved metals and compared to 
specific conductance in Figures 42 and 43.  
 
FIGURE 42: GROUNDWATER TESTED FOR DISSOLVED METALS STORM 1 
 
FIGURE 43: GROUNDWATER TESTED FOR DISSOLVED METALS STORM 2 
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Figures 42 and 43 reveal a decrease in Na concentrations in groundwater along the flow path 
through the basin. In Figure 43, at location 5 the Na levels were much greater than the other 
groundwater sample sites from Storm 2. There could be a couple of reasons for this significant 
increase of Na. One possibility could be an error in sampling or contamination from this specific 
site. There also could be reactions involving aqueous sodium and sodium sorbed by the 
sediments that influenced the measured concentration at this location. Another reason could 
have been that the groundwater collected was not actually flowing from the project basin but 
from another site. Two possible sources of flow are the clean water bypass that is northwest of 
location 5 and a culvert outflow collecting runoff from Greenland Road in the northeast direction 
of location 5. Our team made an educated guess as to where the groundwater from the basin 
flows; however, we do not have sufficient information to confirm our research at this time.  
Both Figures 42 and 43 show that Na levels decreased from Chamber 1 to Chamber 2. Observing 
the scale of metals in ppm on both graphs shows that the groundwater from Storm 2 was much 
higher in Na, similarly to the runoff results. At that point in the winter season more road salt, pre-
wet solution, and storm debris had accumulated, reflected on these graphs.  
4.4.3.2 Magnesium in Groundwater  
 
FIGURE 44: GROUNDWATER TESTED FOR DISSOLVED METALS STORM 1 W/O NA 
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FIGURE 45: GROUNDWATER TESTED FOR DISSOLVED METALS STORM 2 W/O NA 
As seen in Figures 44 and 45, Mg was efficiently trapped in the basin and by location 4 it was 
mostly removed during Storm 2. This revealed that the function of the project basin was effective 
in and trapping some of the metals.   
Specific conductance levels are higher in Storm 2 than Storm 1 due to the higher levels of metals 
found in the basin. The specific conductance levels found in the reservoir, collected by the DCR, 
are between 60-240 µS throughout the year. However, the highest levels found in the basin were 
431 µS for Storm 1 and 677 µS for Storm 2, significantly higher than what was found in the 
reservoir.  
4.4.3.3 TSS in Groundwater 
TSS was also tested for in groundwater as shown in Figure 46.  Site 2 was not sampled during 
Storm 1, which is why there is no data shown. As seen in Figure 41, Locations 1, 2, and 3 were in 
Chamber 1 which explains their high levels of TSS due to direct runoff accumulation. Location 4, 
found in Chamber 2, was farther away from the inlet and did not have much runoff water 
infiltrating from standing water. Instead, we believe the groundwater samples were filtered 
water from Chamber 1 and by the time the groundwater reached this point the suspended solids 
had already been trapped. Location 5 had a higher level of TSS than location 4, which was 
interesting because in Figure 47 of the sample bottles the location 5 bottle was much clearer 
than location 4. That increase could be due to an error in the lab.  
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FIGURE 46: GROUNDWATER TESTED FOR TSS 
Figure 47 shows the spectrum of groundwater samples collected after Storm 1. Note the visible 
differences in clarity in the samples labeled according to the sampling location number in red.   
 
FIGURE 47: STORM 1 GROUNDWATER SAMPLES 
4.4.4 Surface Water  
Surface water samples were collected from the Stillwater River during dry and wet weather 
from Storm 2.  
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4.4.4.1 Sodium in Surface Water 
 
FIGURE 48: SURFACE WATER TESTED FOR DISSOLVED METALS UPSTREAM & DOWNSTREAM STORM 2 
 
FIGURE 49: SURFACE WATER TESTED FOR DISSOLVED METALS UPSTREAM & DOWNSTREAM STORM 2 W/O NA 
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Figure 48 shows the Na levels in the Stillwater River upstream and downstream of the basin. The 
dry weather samples were taken two hours before the wet weather began. The levels of Na did 
not differ in between the two samples. One reason for the lack of level increase in Na may be 
due to the increased flow during the storm which would have diluted the concentration of Na 
present. Additionally, there are many sources flowing into the Stillwater River between the 
upstream and downstream sampling locations. Figure 49 shows the levels of other metals 
present such as Mg, K and Ca. The levels fluctuated ever so slightly between the dry and wet 
weather, for reasons most likely similar to Na.    
4.4.4.2 Specific Conductance in Surface Water 
Specific conductance is an important factor to consider when looking at water quality. Figure 50 
shows the increase of specific conductance from upstream to downstream in the Stillwater River. 
The upstream samples were lower than the downstream samples by a difference of 100 
micrograms. Additionally, we referred to the data from the USGS sample station, Appendix J: 
USGS Data, and there was an increase in specific conductance between the beginning of the 
storm and end of the storm.   
 
FIGURE 50: SURFACE WATER DOWNSTREAM VS. UPSTREAM TESTED FOR DISSOLVED METALS DURING STORM 2 
Figure 50 additionally shows how there is a correlation between an increase in specific 
conductance and an increase in metal concentrations. Specific conductance levels found in the 
tributaries of the Wachusett Reservoir, collected by the DCR, were between 60-240 µS 
throughout the year. However, upstream concentrations in the Stillwater River were measured 
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at 213 µS and 212 µS while downstream concentrations were measured at 336 µS and 326 µS. 
Downstream levels are higher than upstream levels and levels recorded by the DCR for this area. 
Overall, the data explained in Section 4.4 Stormwater and Basin Characteristics section has 
clarified how the basin functions. Analysis of the stormwater as it entered the basin to 
groundwater led to the conclusion that a majority of the metals tested for were captured by the 
soils. Na enters the basin in high amounts, especially after road salt is placed on the roads, and 
those amounts remain at high levels throughout the basin which can been seen in the 
groundwater concentrations. Downstream metal concentrations increased during dry and wet 
weather concluding that I-190 stormwater runoff could have a possible effect on the levels. 
Metals are not being completely trapped within the project basin which allows for improvements 
to be made to the stormwater treatment basin to increase efficiency.  
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Chapter 5: Recommendations / Design  
This project includes a design for an optimal basin for the project location. For the purposes of 
this project, the method was to design a basin (i.e. the optimal basin) that reflects the current 
approaches and requirements, which can be compared with the characteristics of current project 
basin. The design focused on addressing points of concern highlighted in the Chapter 4 Results, 
finding the most effective way to trap contaminants, complying with the Massachusetts 
Stormwater Management Standards, and overall improving water quality. Once we selected an 
infiltration basin for the optimal basin design, each aspect of the basin (including the sediment 
forebay, check dam, liner, soil, plants, outlet, groundwater testing well, trash rack, and fencing 
details) were selected. The basin was then evaluated to ensure it met standards 1-10 of the 
Massachusetts Stormwater Management Standards.  In addition, alternative recommendations 
were made to the DCR that aimed to improve the current project basin to maximize the basin’s 
potential for the region it supports.   
5.1 Optimal Basin Design   
Our layout design for the optimal basin can be seen in Figure 51. The runoff will be transported 
from I-190 in a fashion similar to the current project basin. It will be directed by the concrete 
ditch to enter into the basin inlet. The runoff would then continue through a trash rack as it 
approaches the sediment forebay.  Runoff in the sediment forebay would pool until it spills over 
the check dam. The check dam would then direct the flow of the runoff into the infiltration basin. 
Located within this infiltration basin would be two groundwater testing wells, native vegetation 
and a liner underneath the soil layer, made up of organic matter and clay. The runoff would 
continue to settle and infiltrate in the basin until it reaches the groundwater. It would exit either 
through the groundwater or through the spillway outlet. Additionally, there would be no fences 
surrounding the basin per 2017 Draft MassDOT Handbook guidelines.  
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FIGURE 51: OPTIMAL BASIN LAYOUT 
The final dimensions for the optimal basin would be 90' W x 95' L x 6' H or 51,300 ft3 for the 
infiltration basin and 90'2" W x 8'5" L x 3 H or 2,277 ft3 for the sediment forebay. The size increase 
is just one of the several differences, Table 12 shows a few of the similarities and differences.  
 
 
 
 
  55 
TABLE 12: SIMILARITIES AND DIFFERENCES BETWEEN PRESENT AND OPTIMAL BASIN 
Similarities  Differences 
Similar inlet structure  Optimal basin is larger to be able to handle a 100-
year storm 
Ramp used to access basin for maintenance Basin materials differ to trap more metals 
Outlet spillway  Permanent groundwater testing wells 
Vegetation present Native vegetation planted 
Sand present for rapid infiltration Basin conforms to Draft 2017 MassDOT Handbook  
 Trash rack added to inlet of basin 
 Removal of fences 
 Liner in basin to trap contaminants  
 Impervious Sediment Forebay 
 
In addition to the increased size of the optimal basin, the materials in the basin are used to 
improve efficiency of the basin. Figure 52 displays a side view section which allows for the layers 
of the basin to be seen. The materials shown in the Figure 52 will be discussed in further detail 
to explain why these materials were chosen and how those materials would positively affect 
water quality.  
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FIGURE 52: OPTIMAL BASIN SECTION 
5.1.1 Size  
To determine the size of the basin the Simple Dynamic Method was used (MassDEP Handbook, 
2008). The Simple Dynamic Method, Equations 4 and 5, was chosen because it takes into account 
stormwater that exfiltrates at the same time as the chamber is filling up, unlike the Static Method 
which assumes no exfiltration until the basin holds the required recharge volume.  Additionally, 
the Dynamic Field Method was not chosen because it required more soil testing in the field. The 
recharge volume (Rv), calculated in Section 5.2.3 Standard 3: Recharge Volume, was 13,426ft3. 
This value was used to determine the minimum required surface area for the bottom of the basin.  
The depth of the infiltration basin (D) was assumed to be 6 feet, which is one foot more than the 
existing project basin’s depth because it allows for a smaller area of land to be used while still 
being an appropriate depth to access the basin for maintenance and testing. The saturated 
hydraulic conductivity (K) was determined using the 1982 Rawls Rates value from Table 2.3.3 in 
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the MassDEP Handbook, also shown here in Table 13.  The value for loamy sand was used as it is 
found in the area around the basin. The allowable drawdown during peak of storm (T) was 
assumed to be 2 hrs. per the Simple Dynamic Method.  
𝑨 =
𝑹𝒗
𝑫 + 𝑲𝑻
 
EQUATION 4 
𝐴 =
13,426 𝑓𝑡3
6𝑓𝑡 + 2.41 
𝑖𝑛
ℎ𝑟 ∗ 2ℎ𝑟𝑠
= 2,097 𝑓2 
 
𝑉 = 𝐴 𝑥 𝐷 
EQUATION 5 
𝑉 = 2097 𝑓𝑡2 ∗ 6 = 12,583 𝑓𝑡3 
Rv = Required Recharge Volume 
A = minimum required surface area for bottom of basin  
D = Depth of the infiltration basin  
K = Saturated hydraulic Conductivity  
T = Allowable drawdown during peak of storm  
V = Storage Volume  
 
TABLE 13: 1982 RAWLS RATES 
Texture Class NRCS Hydrologic Soil Group Infiltration Rate (K)  
 (Inches/Hour)  
Sand  A 8.27 
Loamy Sand A 2.41 
Sandy Loam  B 1.02 
Loam B 0.52 
Silt Loam  C 0.27 
Sandy Clay Loam C 0.17 
Clay Loam D 0.09 
Silty Clay Loam D 0.06 
Sandy Clay  D 0.05 
Silty Clay  D 0.04 
Clay  D 0.02 
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The required storage volume was determined to be 12,583ft3.  Once the storage volume was 
calculated HydroCAD© was used to verify that the basin provided adequate storage according to 
the parameters in the simple dynamic method. A type III – 24 hour storm was selected but a start 
time of 11 hours and an end time of 13 hours was used to model it occurring in just 2 hours, per 
Volume 3 Chapter 1 of the 2008 MassDEP Handbook. This was used to determine the 
precipitation depth required to generate the needed recharge volume.  The resulting hydrograph 
was then used to choose the appropriate dimensions of the basin to hold up to a 100 year storm. 
The final optimal basin size was determined to be 90 W x 95 L x 6 H or 51,300 ft3.  The HydroCAD© 
summary report for the optimal basin can be found in Appendix F:1 Cipolletti Weir Hand 
Calculations. Figure 53 demonstrates that the optimal basin has adequate storage for all year 
storm events.   
 
FIGURE 53: OPTIMAL BASIN EVENTS 
5.1.2 Sediment Forebay   
The sediment forebay is the first method of treatment for the runoff when it enters the basin. 
Water flows into the forebay chamber and pools until the water rises high enough to spill out of 
the forebay chamber over the check dam into the infiltration basin. The forebay’s main purpose 
is to slow the runoff flow from the inlet and allow for coarse sedimentation removal. By trapping 
the sediments in one location it would improve the ability to maintain the basin efficiently.  
MassDEP requires sediment forebays as a pretreatment step to infiltration basins (MassDOT 
Handbook).  The sides are made of gravel to decrease erosion as water moves through. The 
bottom is an impervious stone slab to allow for easy cleaning and removal of sediments and trash.  
Additionally, a ramp for routine maintenance and emergency cleanup allows for access to this 
treatment area. According to the MassDEP Handbook sediment forebays must hold 0.1 inches 
per impervious acre. Since we have 6.2 acres of impervious area the sediment forebay must be 
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at least 2,250 ft3. By having the sediment forebay be the first step of treatment it allows 
maintenance crews the ability to quickly and efficiently clean up potential road spills from I-190 
before contaminating the entire basin and eventually the Wachusett Reservoir. 
5.1.2.1 Potential Spill on Highway  
One crucial function of the project basin is to be able to support a potential spill from the 
interstate and be able to trap the spill until cleanup is able to occur. This influences the size of 
the sediment forebay, being that it is the first point of treatment which must capture the spill. 
Having a BMP that is able to do this is essential because it could be very detrimental if the 
contaminants reached the drinking water source. Procedures to accomplish the cleanup would 
be according to the Massachusetts Contingency Plan and the groundwater levels of the site 
would have to meet Massachusetts Drinking Water Standards. Additionally by having the 
groundwater testing wells in the basin, samples could be collected after the cleanup to determine 
if site was completely clean. Through discussion with the DCR and according to an assessment 
made in 2008, the design spill amount is 150 gallons carried by a commercial vehicle. This is a 
spillage size the sediment forebay can support.  
5.1.3 Check Dam   
A check dam is used within a stormwater BMP to separate the sediment forebay from the 
infiltration basin. It is typically made up of stone or earth and built on hardened ground to reduce 
erosion. It is used to control the flow path and the velocity of runoff that goes through the BMP. 
An impermeable check dam is best suited for this location because it would retain runoff by 
creating a pool of water that would accumulate until spillage over the top occurs due to excess 
water. This process further delays the infiltration time to allow for a greater settling time of 
sediments before reaching the infiltration basin (MassDOT Handbook, 2017).  
5.1.4 Liner   
A permeable liner is often used in stormwater BMPs as a treatment aspect of the infiltration 
basin. The 2017 Draft MassDOT Handbook suggests the usage of a liner as a preventive measure 
to reduce the transport of contaminants into and through groundwater. It is used to treat the 
stormwater after it has gone through some portion of soil before it enters the groundwater.  
The liner would be placed on the entire bottom of the infiltration basin. Necessary requirements 
are to assist with erosion control, trap soil particles, and be easily maintained. This would ensure 
that runoff that does flow through the liner has gone through the treatment of trapping soil 
particles and the MassDOT can easily repair and monitor how the liner is working. The suggested 
material for this is geotextile material or earthen material (MassDOT Handbook, 2017).  
Through research of various MassDOT documents and companies in the liner industry, nonwoven 
geotextile liners seem like the best suited option. They filter soil particles, therefore the water 
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that flows through is clearer.  They are made from polypropylene fibers and formed into a fiber 
network, creating a durable stable structure. This assists with erosion control and improving the 
life cycle of the basin (Nilex All Products, 2017). While this is the best liner option, overtime 
clogging could occur and require maintenance. When clogging occurs it will be evident by pooling 
of water and the liner will need to be replaced.  
Woven geotextiles were researched but they are mainly used for construction and help provide 
support to roads improving life cycle and providing reinforcement. Geosynthetic clay liners were 
also researched but through its chemical components a seal is created, greatly reducing the 
passage of water through it. This does not support abundant groundwater recharge (Nilex All 
Products, 2017).  
A geoengineer would be required to assist with the development and implementation of this 
liner in the infiltration basin and would be able to provide insight on exact size and placement.  
5.1.5 Soil  
Before construction, it is necessary to complete a soil survey. In order to determine the size of 
the optimal basin the infiltration rate was needed to appropriately account for groundwater 
recharge. The soil type of the area determines the saturated hydraulic conductivity rate of water 
through the soil. According to the National Resources Conservation Council (NRCS) Soil Survey 
the project basin is split into two types of soil. The project basin itself is made up of Sudbury fine 
sandy loam and the access road to the basin and the soil next to the route road is Hinckley loamy 
sand. Sudbury fine sandy loam is a moderately drained soil that has moderately rapid 
permeability with a higher acidity level. Hinckley loam sand is deep and very well drained soil 
with rapid permeability and high acidity levels. The majority of the land surrounding the project 
basin is also made up Hinckley loam sand (Soil Survey of Norfolk and Suffolk Counties, 
Massachusetts, 1989).  
During construction of the optimal basin the current soil in place would all be removed and new 
uncontaminated soil would be brought to the site.  This is partially due to our results that showed 
how the filled soil was capturing less metals than the topsoil, evidence that the filled soil is not 
currently working well. To slow the process of infiltration from surface water into groundwater 
is it necessary to have soil that has a moderately slow infiltration rate. Clay soil has smaller pores 
so that it takes water longer to get through. Therefore, a good soil type for this area would be 
partially made up of clay. The addition of organic matter increases pore space slightly therefore 
a correct combination of the two can allow for proper rates of infiltration and function (Soil 
Quality Indicators). This combination of the two types of soil also promotes Cation Exchange 
Capability (CEC) which is the ability for soil to hold exchangeable cations. A higher CEC is found 
in soil that has a higher clay and higher organic matter context. The soil has these negative sites 
that interact with the cations from the contaminants in the stormwater. This in return supplies 
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the vegetation in the basin with nutrients to grow. Some steps to maintain the soil is making sure 
the pH level is above 5 and the net Ca and K in the soil is adequate for plant growth. This creates 
the soil's buffering capacity. A higher CEC in soil does require less maintenance but liming may 
need to be performed occasionally to maintain the pH. By performing this maintenance it would 
help maintain the current levels and context of the soil so that the higher level of CEC would 
remain (Brown, 2017).  
Since the soil is part of the infiltration basin and comes after the sediment forebay, the hope is 
that flow velocity would be reduced and easier to control. Through advice given under a Civil/Soil 
Engineer, drainage, maintenance, and erosion concerns can be met.   
5.1.6 Plants   
Plants were specifically selected to be placed in and around the basin. Certain criteria was looked 
at when choosing plants such as the cost, maintenance, if they are native to the area, and if they 
are drought resistant. We also wanted a plant that would not be too tall or disrupt the structure 
of the basin.  The New England Wetland Plants, Inc. (NEWP) was the main resource when 
researching. Table 14 visualizes how we selected which plants to use for the basin. 
TABLE 14: PLANT MATRIX 
Characteristic  Native 
to New 
England 
Erosion 
Control 
Low 
Maintenance 
Low 
Height 
(>2') 
Soil 
Tolerance 
Drought 
Resistant 
Flood 
Resistant 
Virginia Wild 
Rye 
X  X    X 
American 
Beach Grass 
X X X X X X  
Blue Flag Iris X X X X X  X 
Blue Vervain X X X X   X 
Green 
Bulrush  
X X X X  X X 
Boneset X X     X 
Soft Rush X X  X X  X 
Switch Grass X X X   X  
Woolgrass X X   X X X 
Tall Salt 
Marsh 
Cordgrass 
X    X  X 
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The plants we have deemed best for the basin that had at least 5 of the 7 characteristics are:  
 American Beach Grass 
 Blue Flag Iris 
 Blue Vervain 
 Green Bulrush 
 Soft Rush 
These plants are well equipped to handle erosion control, detention sites, and different types of 
soils. Although other types of plants would probably grow in the basin we would rather choose 
plants that we know would not affect the structure of the basin. We also wanted plants that 
would be able to withstand periods of droughts and periods of flooding. The present basin's 
sandy slope has not withstood time very well. We hope by adding a bit of American Beach Grass 
we can stabilize the sandy soil. The Blue Vervain is eaten by rabbits and other small animals which 
provides low maintenance control. All plants listed come in a set sold by NEWP, the plants above 
cost $1.05 - $1.40 per plant.   
5.1.7 Outlet  
The optimal basin outlet would replicate the current outlet used in the project basin because it 
is stable and effective at this site and the most cost effective option.  The current design of the 
outlet, a spillway outlet, has a lower elevation compared to the top of the basin which directs the 
water out of the basin. It is lined with stone to decrease erosion of soil. Additionally, the spillway 
is lined with gravel and crushed stone to slow water flow and decrease erosion as it moves out 
of the basin.  
According to the MassDOT Handbook, Multi-Stage Outlet Control Structures are becoming the 
new focus for outlets but will not be used at this location. This type of structure replicates a pipe 
and is preferred in areas where outlet zones are neighboring residential areas which is not 
applicable to our site. There are no residents directly downstream of the project basin that would 
be effected by outflow or flooding. One benefit of using pipes is that the outlet location of water 
is known compared to the current spillway where there is no guarantee to where water would 
flow.  
5.1.8 Groundwater Testing Well  
The installation of a groundwater testing well would allow the DCR to routinely be able to take 
groundwater samples in the basin. The well would have a depth greater than that of the liner. 
Using a land survey design plan provided by the DCR, the groundwater testing well would be 
similar to an inspection port as seen in Figure 54. In this design a "4” perforated PVC with screw 
cap wrap pipe with permeable geotextile fabric" (Sewage Disposal System, 2015) was used.  The 
main requirement for installing this well is using machinery that is able to dig a hole deep enough 
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for the well. This groundwater testing well would also be used if a spill was captured in the basin 
to make sure the contaminants were removed.  
 
FIGURE 54: GROUNDWATER TESTING WELL (SEWAGE DISPOSAL SYSTEM, 2015) 
5.1.9 Trash Rack  
The accumulation of trash affects the flow of runoff through the basin and contributes to 
sediment buildup. One additional feature that could be added to the optimal basin to reduce this 
is a trash collection rack/cage. The rack would be attached to the concrete inlet on the slope and 
extend over part of the sediment forebay. This rack would allow for routine pickup of the trash 
that has collected on top and underneath the rack, preventing it from collecting in the basin like 
it currently does. Additionally, the rack would be made from steel, therefore able to sustain 
various weather conditions.  
 
FIGURE 55: TRASH COLLECTION RACK DESIGN OPTION (MISC. METALS, 2012) 
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Figure 55 shows an example of a rack similar to what would be used in the optimal basin. The 
only difference is that the trash could be removed from both the top of the rack as well as from 
the sides.  
5.1.10 Removal of Fences   
In the 2017 Draft of the MassDOT Handbook the MassDOT calls for removal of all fences at BMP 
sites to improve access into the BMP in case of emergency. This was also reiterated through 
conversations with MassDOT employees. Therefore this would just eliminate the construction of 
this feature from the design.  
5.2 Stormwater Management Standards    
The Stormwater Management Standards were put in place as part of the Stormwater Policy 
issued by the Massachusetts Department of Environmental Protection in 1996. The Stormwater 
Management Standards were revised in 2008 with the Massachusetts Department of 
Environmental Protection's Stormwater Handbook (MassDEP Handbook) and adopted into the 
Wetlands Regulations and Water Quality Certification Regulations (MassDEP, 2008). Our optimal 
BMP is designed in compliance with the revised 2008 Stormwater Management Standards. The 
Massachusetts Department of Transportation provides the MassDOT Stormwater Management 
Design Handbook (MassDOT Handbook) as an additional resource to the MassDEP Handbook to 
assist designers in applying these standards.  The MassDOT Handbook was available only in draft 
stages at the time of the MQP. Compliance with this 2017 Draft version of the MassDOT 
Handbook is described in detail in the following sections.  
5.2.1 Standard 1: Erosion  
Standard 1 ensures "no new stormwater conveyances (e.g. outfalls) may discharge untreated 
stormwater directly to or cause erosion in wetlands or waters of the Commonwealth." Our 
optimal basin main discharge is infiltration but in the case that excess water needs to exit the 
basin it would do so over the outfall berm which is lined with stone to prevent erosion.  
5.2.2 Standard 2: Peak Discharge   
Standard 2 requires that "stormwater management systems shall be designed so that post-
development peak discharge rates do not exceed pre-development peak discharge rates." The 
optimal basin meets this standard because it can hold a 100 year storm.   
5.2.3 Standard 3: Recharge Volume   
Standard 3 expects that "loss of annual recharge to groundwater shall be eliminated or minimized 
through the use of infiltration measures including environmentally sensitive site design, low 
impact development techniques, stormwater best management practices, and good operation 
and maintenance."  Equation 6, from the MassDEP Handbook was used to calculate the required 
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recharge volume. The target depth factor was determined using Table 2.3.2 from the MassDEP 
Handbook also shown here in Table 15. From the table a weighted average was calculated using 
Soil Type A, B and C to get a target depth factor of 0.59 inches due to 96% of the soil being Type 
A. All land in the drainage area with a CN of 98 was considered to be the impervious area, 
equaling 6.2 acres as seen in Figure 56.  
𝑅𝑣 = 𝐹 𝑥 𝐼 
EQUATION 6 
13,426 𝑓𝑡3 = 0.59 𝑖𝑛 𝑥 6.2 𝑎𝑐𝑟𝑒𝑠 
Rv = Required Recharge Volume 
F = Target Depth Factor   
I = Impervious Area (pavement and rooftop area on site) 
 
TABLE 15: RECHARGE TARGET DEPTH BY HYDROLOGIC SOIL GROUP (HANDBOOK, 2008) 
NRCS Hydrologic Soil Type Approx. Soil Texture  Target Depth Factor (F)  
(Inches)  
A Sand  0.6  
B Loam  0.35  
C Silty Loam  0.25 
D Clay  0.1  
 
 
FIGURE 56: IMPERVIOUS AREA 
5.2.4 Standard 4: Water Quality Volume  
Standard 4 states that "stormwater Management systems shall be designed to remove 80% of 
the average annual post-construction load of Total Suspended Solids" from a volume of 
stormwater runoff. This volume is also known as the Water Quality Volume and is defined in the 
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handbook as a depth over the impervious contributing area. Since our basin is near the 
Wachusett Reservoir, a resource protection area, a depth of 1 inch was used. Equation 7 from 
the handbook was used to determine the water quality volume in order to submit an application 
to the local Conservation Commission, and to DEP for a Water Quality Certification if alteration 
of a wetland resource is proposed. Additionally, a sediment forebay was put in place to help 
remove additional sediment.   
𝑉𝑊𝑄 = 𝐷𝑊𝑄  𝑥 𝐼 
EQUATION 7 
𝑉𝑊𝑄 = 1𝑖𝑛 𝑥 6.2 𝑎𝑐𝑟𝑒𝑠 = 22,506 𝑓𝑡
3 
VWQ = Required Water Quality Treatment Volume  
DWQ = Water Quality Depth  
I = Impervious Area (pavement and rooftop area on site) 
5.2.5 Standard 5: LUHPPL  
Standard 5 is for Land Uses with Higher Potential stormwater Pollutant Loads (LUHPPL) and since 
MassDOT does not consider roadways a LUHPPL, this standard in not applicable to our design.   
5.2.6 Standard 6: Critical Area Discharges  
Standard 6 is for "stormwater discharges within the Zone II or Interim Wellhead Protection Area 
of a public water supply, and stormwater discharges near or to any other critical area, require 
the use of the specific source control and pollution prevention measures and the specific 
structural stormwater best management practices determined by the Department to be suitable 
for managing discharges to such areas." Discharges in these areas must comply with 314 CMR 
3.00 and 314 CMR 4.00. 314 CMR 3.00 is a permit for surface water discharges (MassDEP, 2007). 
314 CMR 4.00 is the Massachusetts surface water quality standards (MassDEP, 2013).  Figure 57 
shows that our project basin location is within a Zone A, Public Surface Water Supply Sources, 
area and therefore is considered a critical area and would have to comply with both 314 CMR 
3.00 and 314 CMR 4.00. A Notice of Intent would have to be submitted to the MassDEP for the 
optimal basin design in order to gain a surface water discharge permit. If Stormwater 
Management Standards are met and the discharge permit is granted the surface water quality 
standards should be achieved.     
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FIGURE 57: ZONE A AREA (OLIVER, 2016) 
5.2.7 Standard 7: Redevelopment  
Standard 7 states "a redevelopment project is required to meet the following Stormwater 
Management Standards only to the maximum extent practicable: Standard 2, Standard 3, and 
the pretreatment and structural best management practice requirements of Standards 4, 5, and 
6. Existing stormwater discharges shall comply with Standard 1 only to the maximum extent 
practicable." For the optimal basin this standard does not apply because everything currently in 
place would be removed before it is implemented. However, if redevelopment is chosen through 
alternative upgrades, this standard would have to be met.   
5.2.8 Standard 8: Construction   
Standard 8 requires that "a plan to control construction-related impacts including erosion, 
sedimentation and other pollutant sources during construction and land disturbance activities 
(construction period erosion, sedimentation, and pollution prevention plan) shall be developed 
and implemented." This standard should be addressed at the time of construction by the resident 
engineer. If the optimal basin is constructed a Construction Erosion and Sediment Control Plan 
would need to be filed and approved by the local Conservation Commission before it is  
implemented by the contractor.   
5.2.9 Standard 9: O&M Plan    
Standard 9 requires that "a long-term operation and maintenance plan shall be developed and 
implemented to ensure that stormwater management systems function as designed.” The 
MassDOT Handbook provides a template for the preparation of a Stormwater System Operation 
& Maintenance (O&M) plan which can be used to create an O&M plan to be submitted and 
approved by the Conservation Commission for the basin if the optimal basin is constructed.  
  68 
5.2.10 Standard 10: Illicit Discharges   
Standard 10 states that "all illicit discharges to the stormwater management system are 
prohibited." MassDOT is in charge of maintenance for our project basin, since its location is off 
of I-190.  Therefore, the optimal basin would comply with Standard 10 through MassDOT's IDDE 
Program described in their Stormwater Management Plan (MassDOT, 2009).   
5.3 Alternative Recommendations for Current Project Basin 
For the current project basin, improvements and additions could be made to maximize its 
function and efficiency if the optimal basin design is not feasible.  
 Current vegetation in the project basin could be removed and/or native drought resistant 
plants can be added. This would help with the current issue of erosion and support 
current precipitation levels.  
 Groundwater testing wells could be added to the basin to assist with future monitoring 
and testing, according to the placement on Figure 51. 
 A trash rack could be placed near the inlet of the basin, collecting trash that accumulates 
during a storm, a major issue currently in the basin.  
 A routine maintenance schedule could be developed so that the basin can reach its 
maximum potential and always be accessible.  
 The fences surrounding the project basin could be removed per new suggestions made 
by the MassDOT.  
The DCR through permission from MassDOT has the ability to utilize one or all of these upgrades 
to improve the current project basin. These are low cost additions and require little to no 
maintenance.  
5.3.1 Road Salt Alternatives   
During icy conditions MassDOT uses rock salt (NaCl) on roadways to improve driver safety. A pre-
wet solution (MgCl) can be used as well if the conditions are correct and with proper timing. 
MassDOT uses 240 lbs. per line mile of rock salt which means 0.19 lbs. are used in the drainage 
area of the project basin (Kenna, 2016). Since Na levels were high in the basin the use of 
alternatives to rock salt could reduce those levels. Sand is an option but it has the potential of 
increasing TSS and unwanted sediment buildup in the basin (Winter Road Treatment and Snow 
Removal, 2017). MassDOT does work with a Pre-Mix Sodium Chloride/Calcium Chloride blend 
which is used in their reduced salt areas. This could reduce the amount of rock salt used on I-190 
in the Wachusett Watershed while keeping roads safe for drivers. Although, the pre-mix is 
expensive it could save money for the water treatment plant which treats the Wachusett 
Reservoir. The switch could also decrease specific conductance levels in the river and reservoir 
and improve the wildlife in the surrounding area.  
  69 
Chapter 6: Conclusion  
The goal of our MQP was to achieve the following objectives:  
Objective 1: Develop an understanding of the impacts of highway runoff to the watershed 
and the use of a stormwater treatment basin as a management technique.  
Objective 2: Develop findings and identify deficiencies of the project basin. 
Objective 3: Deduce recommendations for the DCR that will improve the project basin 
and maximize its potential for protecting water quality.  
We accomplished objective 1 by researching and developing a thorough understanding of the 
Wachusett Reservoir and the stormwater treatment basins along I-190 represented in our 
Chapter 2 Background. We accomplished objective 2 in our Chapter 3 Methodology and Chapter 
4 Results when we presented how we tested the basin's efficiency of trapping contaminants 
through field and lab procedures and analyzing the data. Lastly, in Chapter 5 Recommendations 
/ Design we produced multiple recommendations for the current basin and designed an optimal 
stormwater BMP to accomplish objective 3.  
The Massachusetts Department of Conservation and Recreation (DCR) wanted a better 
understanding of the basin and its effect on the treatment of stormwater runoff, specifically 
metals in the runoff. Through this project we gained a more in-depth understanding of the basin 
by the collection and analysis of data. The groundwater data for Mg in the results chapter 
displayed a decrease in Mg levels as the water moves through the basin. This demonstrated that 
the project basin was performing as expected by the DCR and captured metals between the time 
water entered as stormwater runoff and exited the basin via groundwater. Other metals tested 
showed reduced levels similar to Mg found in Appendix H: Data Sheets. TSS and specific 
conductance were also measured and decreased as water moved through the project basin, 
producing clearer and better quality water.  
Although the project basin was working in some aspects, it could still be improved and become 
more efficient. The data collected on Na revealed the impact of de-icing the roadways in 
stormwater runoff and how the project basin allowed large levels of Na to easily move through 
the basin with minimal amounts captured. Through the increased treatment steps and the 
addition of native plants and soil with the potential for CEC in the optimal basin, there would be 
an increase in the levels of Na being captured within the basin. This would decrease the 
downstream effect on the watershed.  
The increasing specific conductance in the Wachusett Reservoir during the winter months, which 
can be seen in Section 2.3.4.1 Specific Conductance, could be due to the metals that flowed 
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through groundwater from the treatment basins. These higher levels could a result of the de-
icing materials put on the road.  
Limitations aside, the optimal basin design, shown in Figure 51, would be the best and preferred 
choice for the DCR to improve overall water quality of the outflow of this BMP and ensure that 
potential road spills would be captured in the basin. If this is not feasible, our team recommends 
that the DCR and MassDOT implement some of the lower cost alternatives and smaller 
recommendations.  
 Plant native species that would improve the stabilization of the soils and increase water 
quality 
 Remove existing fences 
 Perform routine maintenance on the basins 
 Add a trash rack to the inlet of the basin 
 Implement permanent groundwater testing wells would allow for the DCR and MassDOT 
to continue monitoring the efficiency of the basin 
This MQP answered the questions and concerns initially addressed by the DCR. Over the course 
of the project we came up with more questions and if time allowed we would have liked to 
explored deeper into these subjects. Some of these questions though could be answered by 
future MQP projects.  
 Understand and document groundwater flow within the project site. We did not have the 
time or the tools to test for groundwater samples in multiple places around the basin. 
Accuracy of where the water from the basin was flowing would have led to a better 
understanding of the quality of water exiting the basin.  
 Extrapolate the flow that enters all of the stormwater basins along I-190 in the Wachusett 
Watershed.  By taking the known flow rates from our project basin and extrapolating the 
data to include all the other basins,  we would have had a better understanding of how 
much runoff from the stormwater BMPs contributes to the reservoir.  
 Extrapolate the total load gathered from our runoff data to the entirety of stormwater 
basins along I-190 to understand the amount of metals being deposited into the reservoir 
during a storm.  
In conclusion, the data and recommendations provided to the DCR furthered the understanding 
of stormwater treatment basins, but continuous monitoring and adaptation of these basins 
would allow for effective stormwater management.  
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Capstone Design 
The Major Qualifying Project (MQP) for Worcester Polytechnic Institute Environmental 
Engineering major is required to have a Capstone Design as part of the final project deliverable. 
To meet the requirement for the project, an improved design and future recommendations will 
be given to the sponsor, the Department of Conservation and Recreation (DCR), for the basins 
adjacent to Interstate 190 (I-190) in the Wachusett Watershed. The project will be assessing one 
basin to analyze the function of the basin and the basin’s efficiency at capturing pollutants. 
Through gaining a better understanding of the basin, improvements can be made which could be 
implemented for multiple basins in the I-190 region of the watershed. The design includes a plan 
to make sure that contaminants are held in the basin, reducing pollution entrance into the 
reservoir from I-190. The design would consider impact of the following areas: environmental, 
constructability, sustainability, economic, social, and health & safety.  
Environmental 
The environmental impacts of this project will be considered in the recommendations section of 
the report. The final recommendations will focus on improving efficiency of the basins that 
potentially impact the Wachusett Watershed. By improving the basins’ ability to capture 
sediments and contaminants associated with runoff from I-190, the project will help to improve 
water quality in the Wachusett Reservoir. 
Constructability 
At the end of the project, the goal is to have a list of improvements that the DCR will be able to 
easily implement. Several of the basins have only one point of access and most have multiple 
trees and large shrubs surrounding them, making some basins challenging to enter. The feasibility 
of the solution is essential for the solution to be implemented into multiple basins along I-190 in 
the Wachusett Watershed.  
Sustainability 
The key to a quality product is to need minimal maintenance and to have longevity. The basins 
often become overgrown making them difficult to enter. The upkeep of the basins will preserve 
them allowing them to work effectively for a longer period of time. By creating a short and long 
term plan for the DCR to follow, it will allow them to improve multiple basins. 
Economic 
The equipment and materials that will be proposed in our report were considered due in part by 
their cost. Since the state has limited resources and wants to be fiscally responsible when making 
improvements the options were selected for the best quality and lowest cost.  
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Social 
The improvements to increase efficiency have a large impact not just of the community that 
surrounds the reservoir but also the Boston community that drinks the water. By recommending 
upgrades and advancements to the basins, the goal is to have the water be of higher quality 
therefore the water will be less expensive to treat during the water treatment process. Higher 
quality of water means improved health for citizens and wildlife that live in the Wachusett 
Watershed. 
Health & Safety 
The DCR are concerned because of the unknown risk that the uncontained contaminants from 
the basins could leach into the Wachusett Reservoir which then feeds the greater Boston area. 
By deciding to collect groundwater, runoff, and soil data from several locations our team can 
gather a better understanding of what is flowing into and out of the basins. By receiving specific 
recommendations of how to improve the efficiency and quality of the basin we will improve the 
health and safety of the surrounding community.  
In conclusion, the recommendations that will be made for this basin will revolve around what 
results are made from the data testing at the site. The improvements will increase efficiency of 
capturing contaminants in the basin and releasing clean water to the Wachusett Watershed. The 
runoff could hold potential hazards to the watershed and if a toxic spill happened on I-190 the 
basins need to be equipped with the preventative measures to inhibit contaminants from 
spreading too far. 
Section 1: Introduction  
In Massachusetts, reservoirs are a crucial component in providing clean drinking water.  
Maintaining a high quality of water in surface water bodies minimizes the amount of treatment 
required prior to distribution to the communities. The Department of Conservation and 
Recreation (DCR) monitors the Wachusett Reservoir, through sampling at water quality stations, 
which supplies water to the greater Boston area through the Massachusetts Water Resources 
Authority (MWRA).  
A portion of the watershed and a number of tributary streams associated with the Wachusett 
Reservoir are in close proximity to Interstate-190 (I-190). Highways are a main source of runoff 
and accumulation of pollutants. Stormwater Best Management Practices (BMP) have been 
established in this region to control and maintain this runoff.  The runoff is directed through some 
type of treatment before entrance into the reservoir to protect the water quality. The type of 
BMPs used along I-190 are stormwater basins, which are a detention basin, that temporarily 
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stores water during peak storms. They are typically found near roads with large amounts of traffic 
(Pennsylvania Stormwater Best Management Practices Manual).  
The DCR has agreed to partner with our Worcester Polytechnic Institute (WPI) Major Qualifying 
Project (MQP) Team with the goal to evaluate the impact of the basins along I-190 in controlling 
runoff and develop appropriate recommendations to mitigate these impacts. These basins are 
crucial in controlling the impact of the runoff but the effects of these basins are not understood. 
Our sampling, testing and data analysis has a focus on load, conductance, heavy metals and Total 
Suspended Solids (TSS) because the DCR has stated these to be areas of concern that also have a 
lack of data. We have been given the task to collect data on these pollutants for the DCR. The 
following summary of objectives will help us accomplish our goal:  
Develop an understanding of the impacts of highway runoff and of using a stormwater basin as 
a management technique.  
● Review relevant literature regarding highway runoff and stormwater management  
● From possible basins, select project basin to focus on for testing and analysis 
● Perform sampling in the selected basin and analyze samples in the laboratory. 
Develop findings and recommendations for DCR that will improve the basin and maximize the 
basin’s potential for the region it is supporting.  
● Interpret findings, compare the data to stormwater regulations and standards, and 
determine areas of concern for the basin.  
● Develop a design and formulate recommendations for the DCR that will improve the basin 
and maximize the basin’s potential for the region it is supporting.  From findings develop 
a design component for the basin that encompasses the following areas: environmental, 
constructability, sustainability, economic, social, and health & safety.  
 
Section 2: Background 
This section aims to provide a basic understanding of the main topics of the project and provide 
a summary of relevant literature review.  The topics begin with a broad understanding of the 
Wachusett Reservoir, progress to the parties associated with the reservoir, and conclude with 
the basics of stormwater runoff, regulations and best management practices. The process of 
reviewing past literature helps strengthen our team's understanding of the project and allows 
them to move forward with the development of the methodology.   
2.1 Wachusett Reservoir  
Forty-eight communities in Massachusetts receive their water from a combination of the 
Wachusett and Quabbin Reservoirs through purchasing contracts with the MWRA (MWRA, 
  79 
2016). The MWRA incorporated the Wachusett Reservoir into its water system due to the 
continual growth of the Boston area.  The Wachusett Dam was constructed in order to create the 
Wachusett Reservoir, resulting in the restriction of the flow of the Nashua River partially in the 
flooding areas of Boylston, West Boylston, Clinton and Sterling (MWRA, 2015). Since construction 
was completed in 1905 the reservoir has reached capacity at 4,135-acres surface area (Energy 
and Environmental Affairs, 2016). In 2015 with the additional input flowing from the Quabbin 
Reservoir the average volume of the reservoir was 58977-mg (MWRA , 2016a). The Wachusett 
Reservoir can be seen in Figure 1.  
 
Figure 1: Wachusett Reservoir (Google, 2016) 
2.2 Collaborative Partners 
The reservoir is co-managed by the MWRA and the DCR. The parties must work together to follow 
the requirements, regulations and guidance provided by the US Environmental Protection Agency 
(EPA). Part of ensuring that they meet the EPA standards is working with the Massachusetts 
Department of Transportation (MassDOT) to ensure BMPs along roadways are being maintained 
to a regulated standard. The Worcester Polytechnic Institute (WPI) Team will take into account 
all parties during their project; working closely with the DCR while taking input from the MassDOT 
to complete the project.  
2.2.1 U.S. Environmental Protection Agency  
The EPA’s Office of Water (OW) is tasked with ensuring that drinking water is safe for 
consumption while restoring and maintaining oceans and watersheds to protect both human life 
and ecosystems. They implemented both the Clean Water Act and Safe Drinking Act to ensure 
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the reduction of runoff and improvement of water quality.  In Massachusetts the EPA is also 
responsible for implementation and oversight of the National Pollutant Discharge Elimination 
System permit program (Tetra Tech, Inc, 2010). The various stormwater management programs 
set up by the EPA are the guidelines our sponsor and the communities we are working in, need 
to comply to.  
2.2.2 Massachusetts Water Resources Authority 
The MWRA is responsible for the delivery and distribution of the reservoir water. To ensure they 
are providing reliable and quality water, they implemented the Integrated Water Supply/ Quality 
Program in addition to complying with the EPA’s Safe Drinking Water Act (MWRA, 2015). The 
MWRA has to treat water if needed before it is distributed and therefore will use any data we 
can provide pertaining to the runoff that goes from the stormwater basins to the reservoir.  
2.2.3 The Department of Conservation and Recreation 
The DCR’s responsibility for the Wachusett Reservoir is to keep the water supply clean and 
protected against various sources of contamination. The DCR oversees the 21,028 acres of land 
that contains the Wachusett Reservoir and the watershed which surrounds the reservoir as seen 
in Figure 2 below (2004, DCR). The DCR’s oversight of the watershed area is important due to the 
reservoir being naturally replenished from precipitation that enters the watershed and makes its 
way to the reservoir. Although land surrounding the reservoir is a mix of forest and wetlands, 
there is also some development present such as roads, which increases the potential of 
contamination to the reservoir (MWRA, 2016). Stormwater basins are in place along the 
highways and some local roads, but the DCR would like to have a better understanding of the 
overall effectiveness and performance of them. With a better understanding of what is flowing 
into the basins and how the basins are capturing or releasing contaminants, the DCR will be aware 
of how they can contribute to effectively protecting the reservoir. The DCR would strongly prefer 
to have basins that can better protect the Wachusett Reservoir from potential risks and increase 
the overall health of the reservoir.  
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Figure 2: Wachusett Watershed (USGS, 2016)  
2.2.4 Massachusetts Department of Transportation   
MassDOT is listed as a contributing party because I-190 runs North to South on the west side of 
the reservoir as shown in Figure 2, which may cause risks to the quality of the water in the 
reservoir over a long period of time. Due to this there are added regulations and factors the 
MassDOT must consider while providing a safe and reliable transportation system. The MassDOT 
must abide by their Stormwater Management Plan that was granted with the approval of their 
Notice of Intent application for the EPA’s National Pollutant Discharge Elimination System 
General Permit for Stormwater Discharges from Small Municipal Separate Storm Sewer Systems 
(National Pollutant Discharge Elimination System, 2016).  During construction of I-190, 
runoff/sediment basins were put into place to capture water runoff from the roads during 
storms. According to Vincent Vignaly, from the DCR, the basins in place today along I-190 were 
left after construction completion. Due to irregular inspections and maintenance by MassDOT, 
many basins access points are hard or impossible to enter.  
2.2.5 Worcester Polytechnic Institute   
The WPI team wants to effectively work with the DCR to create a deliverable that can be utilized 
and ideally implemented to improve the water quality of the Wachusett Reservoir in regards to 
stormwater basins. Our team needs to ensure that along with the data and recommendations 
provided, there is also a design element. In addition, we want to learn new skills and gain 
knowledge in concern with runoff, groundwater, soil, contamination impacts, watershed 
characteristics, sampling collection, and testing.  
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2.3 Stormwater Management  
According to the EPA, “Stormwater runoff is generated from rain and snowmelt events that flow 
over land or impervious surfaces, such as paved streets, parking lots, and building rooftops, and 
does not soak into the ground.” This is problematic because as the water moves over the land or 
impervious surfaces it picks up various sources of contaminants and carries them to rivers, lakes, 
reservoirs, etc. threatening their water quality (EPA, 2016b). Specifically, road runoff can contain 
heavy metals, oils, debris and other toxic substances that are generated from construction, road 
maintenance and traffic (Nonpoint Source: Roads Highways and Bridges, 2015). BMP’s are used 
to help mitigate the effects of these contaminants to surface water.  
2.3.1 Interstate Stormwater Runoff 
Recently, multiple studies have been conducted pertaining to stormwater runoff to discover 
what is coming off of highways, the quantity of these contaminants, and why these contaminants 
are present. The largest study recently done was by MassDOT, in partner with US Department of 
Transportation and USGS; Quality of Stormwater Discharge from Massachusetts Highways; 2005-
07. The study looked at twelve sites along multiple highways with different amounts of traffic for 
two years by using automatic samplers. The samples looked at runoff amount, turbidity, pH, 
recoverable metals, and much more. The results showed that during rain storms and snowmelt, 
more pollutants are contained in the run off. pH was also seen to fluctuate depending on time of 
year, and runoff quantity. The study conclusively found that deicing materials and maintenance 
sand are the leading contributors to spikes of pollutants in levels during winter months. The levels 
of chloride, nitrogen, total-recoverable metals, phosphorous, iron, and manganese, rose over the 
two years due to fuels, lubricants, antifreeze, windshield fluids, deicing, maintenance sand, and 
other automotive components (Smith, 2002). These increased levels are not as common next to 
less busy roadways.  
2.3.2 Best Management Practices   
Best management practice are in place to mitigate the entrance of sediment and contaminants 
into the surface water and groundwater. The BMP we focus on in this project is a sedimentation 
basin. According to the Massachusetts Erosion and Sediment Control Guidelines, sediment basins 
are a “settling pond with a controlled stormwater release structure used to store and collect 
sediment” and “usually consist of an earth dam, spillway to carry normal water flow, and an 
emergency spillway for storm flows.”  Often sediment basins are built to collect sediment during 
construction and later remain at the site to become detention ponds to collect stormwater 
runoff. In order for a construction sediment basin to be left as a permanent basin the collected 
sediment from construction must be removed. Basins have inlets known as weirs that can alter 
the flow of water into the basin or the flow between chambers. Basins also contain one or more 
chambers that divide the basin. Typically, the more chambers a sediment basin has the more 
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effective it is, however, sediment basins at best are only 70 - 80 percent effective. Therefore, it 
is important to understand what is not being trapped in the basin and where pollutants are going 
(Franklin, Hampden, Hampshire Conservation Districts, 2013).  
2.3.3 Stormwater Regulations  
The EPA has set standards in regards to the amount of pollutants that can be present in 
stormwater runoff through the Clean Water Act and National Pollutant Discharge Elimination 
System (NPDES). The NPDES sets up a permitting system through the EPA to regulate runoff with 
a focus on protecting drinking water sources. “Mass Highway Stormwater Handbook for 
Highways and Bridges” written in 2004 states Massachusetts specific guidelines for stormwater 
best management practices. These guidelines include controls for wetlands, untreated 
stormwater, and removal efficiencies. Additionally the “2015 Water Quality Report for the 
Wachusett Reservoir Watershed” includes historic data to be used as a comparison for values 
our team collects.  
2.3.4 Quality Concerns  
In order to ensure the continued flow of high water quality into the reservoir, the DCR performs 
routine sampling, analysis, and patrolling of the surrounding tributaries. From the water quality 
data of the surrounding tributaries and the reservoir collected in 2015, the DCR prepared a Water 
Quality Report. Based on the available data, the areas of focus of the report were bacteria, 
specific conductance, turbidity, and temperature.  
2.3.4.1 Conductance  
The DCR has stated that an area of concern and lack of detailed data and analysis is specific 
conductance. Specific conductance is the measurement of water to be able to support an electric 
current. Analyzing specific conductance can determine what ions are present in the runoff. 
Currently there are nineteen tributaries in the Wachusett Watershed region that are tested on a 
weekly or biweekly basis for specific conductance (2015 Water Quality Report, 2016). Potential 
general areas of concern that increased specific conductance are dissolved solids and runoff from 
vehicles and salts such as NaCl (Murphy, 2007).  
The Quinapoxet and Stillwater Rivers are the two main tributaries to Wachusett Reservoir 
and are estimated to account for approximately 75 percent of annual inflow from the 
reservoir watershed. Measurements of conductivity in these rivers generally range 
between 60 and 240 uS/cm with an average value between 125 and 150 uS/cm (2015 
Water Quality Report, 2016). 
It is important to address areas of concern at their source or prior to entrance into the reservoir 
because it minimizes the need for additional treatment prior to distribution. Additionally, 
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numerous criteria need to be met according to the Federal Surface Treatment Rule or 
implementing filtration will be required (2015 Water Quality Report, 2016).   
2.3.4.2 Heavy Metals  
Heavy metals are a main area of concern with regards to stormwater runoff potentially impacting 
the water supply and aquatic life.  Heavy metals are present on highways due to the use of 
automobiles. According to the EPA, lead, zinc and copper have the highest concentrations. While 
all three metals are present from automobiles, they each affect certain aspects of vehicles. Lead 
is present due to “leaded gasoline, tire wear, lubricating oil and grease, bearing wear, and 
atmospheric fallout” (Typical pollutants in stormwater runoff, 2016). Zinc is present from “tire 
wear, motor oil, and grease” (Typical pollutants in stormwater runoff, 2016). Copper is present 
in the runoff due to “metal plating, bearing wear, engine parts, brake lining wear, and fungicides 
and insecticides use” (Typical pollutants in stormwater runoff, 2016). 
Road maintenance materials such as road salt (sodium chloride), sand (phosphorous , iron, and 
manganese), and liquid magnesium chloride all contribute to higher levels of metals on 
roadways during winter months. As a result, states that have to perform road maintenance due 
to snow should consider the impact that these additional pollutants have on the environment 
(Smith and Granato). 
2.3.4.3 Total Suspended Solids 
According to the “2015 Water Quality Report for the Wachusett Reservoir Watershed” “total 
suspended solids are those particles suspended in a water sample retained by a filter of 2μm pore 
size.” These particles can be naturally present or a result of human usage. In general “total 
suspended solids in Wachusett tributaries ranged from <5.0 mg/L to 22 mg/L, but only five of 110 
samples contained more than the detection limit” in the 2015 report. TSS that accumulate in 
stormwater runoff come from pavement wear, road salt, debris, and vehicle exhaust emissions 
(Total suspended solids (TSS) in stormwater, 2016). Various prevention methods can be 
established to help reduce TSS values such as treatment, controls and pollution preventions.  
Section 3: Methodology  
3.1 Scope  
The scope of this project is to evaluate the impact of the stormwater basins along I-190 in the 
Wachusett Watershed in controlling runoff and maintaining water quality. DCR wants to 
understand the function, operation and efficiency of the basins better. This will be completed 
through research of stormwater runoff, research of expected basin function according to design, 
sample collection of soil, runoff and groundwater, and laboratory analysis. The next step will be 
interpreting the findings into results and recommendations to provide DCR with an evaluation of 
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the stormwater basins located in the 1-190 section of the Wachusett Reservoir region. A suitable 
design component will be created according to the project findings.  
3.2 Objectives  
To reach our goal we will complete the following objectives: 
1. Review relevant literature pertaining to all topics in this project, in particular stormwater 
management, BMP stormwater basins, contributing parties, and state and federal 
regulations.  
2. Select project basin to focus on for sampling and data collection and analysis.  
3. Perform sampling, according to the sampling plan we created, in the project basin and 
analyze samples collected in the laboratory. Repeat process as necessary and until 
enough data have been collected.  
4. Our team will interpret findings, compare the data to documented standards stated in 
the Background Section, and determine areas of concern for the basin.  
5. Formulate recommendations for the DCR based upon findings and areas of concern which 
will improve the basin and maximize the basin’s potential for the region it is supporting. 
This includes a design that will help address the proposed recommendations.  
6. Extrapolate basin findings to all basins located in I-190 region of the Wachusett    
Watershed as limitations allow.  
These objectives will be described in greater detail below and updated as they become further 
developed.  
3.2.1 Literature Review  
For this MQP there is a numerous range of relevant literature to be reviewed. Relevant topics 
include stormwater management, BMPs, basin designs and function, water quality and 
regulations at local, state and federal level. Our sponsor has provided us with basin drawings/ 
designs, ArcGIS data, and many other articles. The credibility of our sources range greatly from 
past MQP reports, academic research, EPA guidelines, Massachusetts highway control, and state 
data, providing varying supportive information.  
3.2.2 Selection of Project Basin  
The project basin was selected after evaluation of various characteristics including accessibility, 
runoff, size, drainage area, and monitoring locations.  To evaluate these characteristics we visited 
various basins in the watershed region per suggestion of the DCR from their expertise and 
knowledge of the area. The site visits were documented through field notes and we made 
observations based upon general understanding of how basins work and what they are supposed 
to accomplish. We also reviewed the construction plans for the basins and use GIS. Figure 4 below 
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provides a summary of the characteristics that were considered and which basins moved on to 
each level of evaluation. After reviewing these characteristics Basin 16:07 was selected as the 
project basin.  
 
Figure 4: Basin Selection  
3.2.2.1 Accessibility  
The first criterion was to have a basin with easy entry to allow for the completion of sampling.  
Members of the DCR, including Daniel Crocker, visited all potential basin sites at the 
commencement of the project to determine their accessibility. Later, members of our team 
visited the basins that were not clearly ruled out as inaccessible along with the members of DCR 
to evaluate their conditions. Many basins had not been maintained in several years therefore the 
locks were stuck or the basins were too overgrown to drive or walk through. Photo 1 
demonstrates a basin with adequate access while Photo 2 demonstrates an inaccessible basin.  
Basins with inadequate access were crossed off the list and the remaining basins moved on to be 
evaluated according to the next characteristic.  
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  Photo 1: Accessible Basin 16:08        Photo 2: Inaccessible Basin 16:03 
3.2.2.2 Runoff  
Runoff was the next characteristic the basins were evaluated for. It was important that the basin 
allowed for runoff samples to be taken directly from I-190, therefore it was necessary to have a 
basin that was in close approximation to the highway. The team evaluated the source of runoff 
by reviewing the construction plans and using google maps to locate catch basins. The findings 
were all confirmed during field visits. The basins that did not have direct pipe inlets for runoff 
from I-190 were taken of the list for potential basins and the remaining basins were further 
evaluated.  
3.2.2.3 Size  
The third characteristic of the basin that was reviewed was the size.  Our team analyzed the basin 
through collecting and analyzing samples which required us to be conscious of the basins size. 
The size of the basin correlated how many samples would be required. A large basin would 
require a lot of samples, and the samples taken would have a higher likelihood of not being able 
to detect anything since the contaminants entering the basin would be more dispersed. Due to 
this the larger basins were crossed of the list.    
3.2.2.4 Drainage Area  
Once it was determined that the basins on the list were an adequate size their drainage area size 
also needed to be evaluated.  A larger drainage area would maximize the chance of obtaining 
useful results from the samples taken due to the fact that they would have a larger volume of 
input. To determine the drainage areas of the basins the 2ft contours layer was used on GIS in 
parallel with the basin construction plans to determine the drainage area. Basin 16:02 was 
determined to have too small of a drainage area therefore was crossed off the list.  
3.2.2.5 Proximity to Monitoring Station  
Finally, our team decided on a basin that had the option of testing nearby water, such as a stream, 
pond or river, to compare how the samples differed. Of the basins remaining, Basin 16:07 has 
surface water closer to it for us to test. Both the Sterling River and Muddy Pond are downstream 
of Basin 16:07. From this conclusion and the previous evaluation steps mentioned, Basin 16:07 
was chosen as the project basin.  
3.2.3 Sampling and Data Analysis 
Initially a detailed sampling plan was created that includes when, what and how samples will be 
collected and analyzed. The purpose of collecting samples is to determine the efficiency of the 
basin, to test this we will be looking at specific conductance, metals and TSS. Samples taken at 
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multiple locations of the basin will give us a well-rounded understanding of how the 
contaminants enter and move through the basin. The runoff water sample will be taken during a 
storm to determine what load is entering the basin. Soil samples will be collected to determine 
what contaminants are being trapped by the soils. The groundwater samples will be used to 
determine the substances that infiltrate the soil and verify if the substances leave or remain in 
the basin area. All of the samples will be tested in WPI’s Kaven Hall Laboratory.  
3.2.3.1 Location and Description 
Picking locations for sampling and documenting the process and the specific location chosen is 
important. In Basin 16:07, shown in Figure 5, the blue triangles represent runoff water samples, 
the red triangles represent soil samples, and the green triangles represent groundwater samples.  
 
Figure 5: Basin 16:07 Sampling Plan  
 
Runoff samples will be collected at the inlet of the basin at the cement inflow weir. The inflow 
weir is a single location where multiple runoff points collect. The second and third location for 
runoff water samples is in the basin itself. This might be slightly more challenging since most 
basins are dry, but our team wants to make sure that samples are taken at multiple locations of 
the basin.   
Soil samples will be collected at the end of the inflow weir where a majority of sediments 
accumulate. Samples will also be collected at two locations, to allow our team to understand the 
types of sediments that are present in the basin. The team will also take a soil sample in the 
second chamber of the basin to understand the type of sediment flow from the first part of the 
basin to the second part of the basin. Changes in the soil type and amount of topsoil will give the 
team more information of soil flow.  
Groundwater samples will be taken with a geoprobe or similar device to gather a better 
understanding of the movement of the pollutants. The samples will display how the 
contaminants are distributed; by weight of material or by multiple years of buildup. Tests will 
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near the proximity of the inflow weir, near the soil sample location, to see if the contaminants 
are leaching into the ground there. Groundwater samples will be collected in the second chamber 
of the basin and a fourth sample will be taken outside of the basin near the potential outflow to 
understand the groundwater movement. 
In addition, to the above samples, samples will also be taken at two sources outside of the basin, 
one upstream and one downstream of I-190. Although, there are many contributing factors to 
the Sterling Stream, the stream that flows perpendicular to I-190, the data can give us a broader 
view of what the stream contains. The upstream sample will be taken from Sterling Stream at 
Crowley Road, Northwest of I-190. The downstream site will be taken at an USGS automatic 
monitoring station, number 01095220 which is on the Sterling Stream at John Dee Road, East of 
I-190.  The station collects information about conductance, water levels, pH, and precipitation. 
We will be collecting our own samples to test for specific metals.  
3.2.3.2 Samples  
A list of the bottle sizes, material of the bottles, and what each bottle is used for will be 
documented in the final report. Multiple samples will be taken on multiple days if possible to 
obtain readings for the locations. The date, time, weather (rainfall data), and location will also be 
documented.  
The metals that will be tested for will be: Copper (Cu), Cadmium (Cd), Chromium (Cr), Iron (Fe), 
Lead (Pb), Manganese (Mg), Nickel (Ni), Sodium (Na), Chloride (Cl), Sulfate (SO2-4), and Zinc (Zn). 
These are common metals found in road runoff as documented in the study conducted by Smith 
and Granato, “Quality of Stormwater Runoff Discharged from Massachusetts Highways, 2005–
07”. The research included many of these elements which helped our team narrow down which 
conductance to test for. These will be tested for in the water, soil, and groundwater samples. 
The road salt remnants that will be tested for are: Calcium (Ca), Chlorine (Cl), Magnesium (Mg), 
Sodium (Na), and Sulfate (SO2-4). Learning what MassDOT uses on the roads during the winter on 
I-190 near the Wachusett Reservoir helped our team compile this list of what to test for (Kenna, 
2016).  
Nutrients will not be tested for because the DCR already has a lot of information on them. 
Nutrients typically come from homes and farms, not from roadways. Nutrients include 
phosphorus, potassium, and sulfur. Nitrate is another nutrient that does not need to be tested 
but due to other tests that we will be running this data will be therefore be given to us.  
Runoff samples will test for total suspended solids (TSS). TSS are small solid particles that are 
suspended in water and help indicate the quality of water. We will test TSS in the lab by running 
one liter of the sample through a vacuum filter as outlined by standard methods.   
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The USGS water quality monitoring station tests for pH, temperature, precipitation, and specific 
conductance.  This information will be used for analysis, however since this is an automatic 
collector our team will not need to take samples themselves except for when it comes to metal 
levels and TSS.    
TSS samples will be collected in one liter bottles. Metal samples will be taken out of 250 milliliter 
bottles; those samples will be for runoff, surface water, and groundwater. Soil will be collected 
separately and dried out before testing. 
3.2.3.3 Timing 
The collected samples will be dated and individually numbered and the number of samples taken 
from each site will be recorded. One liter stormwater sample will be collected during each storm 
event that the team can capture.  A table will be included specifying sample number, sample 
location, sample time/date, and what the sample was testing for. The timeline, found later in the 
paper, states that the samples will be collected beginning October 24th and continue until 
December 18th.  Table 1 provides a basic outline of when certain samples can be collected and 
tested. We will collect multiple samples to ensure we get an accurate summary of the efficiency 
of the basin. 
Day Day 1  Day 2  Day 3 Day 4  
Weather Precipitation No Precipitation  No Precipitation No Precipitation 
Task Collect runoff, 
groundwater, and 
surface water 
samples. 
Test samples in 
Laboratory 
Collect soil,  
surface water 
samples, and 
groundwater 
If present 
Test sample in 
Laboratory  
 
Table 1: Sample Itinerary  
3.2.4 Interpretation of Results    
Once results have been produced, our team will first interpret these findings. Additionally these 
results will be compared to stormwater regulations and standards stated in the Background 
Section especially in concern with the DEP Stormwater Manual.  The estimated annual pollutant 
loading from the highway runoff from metals, salts and TSS will be calculated. The point of 
suspension and the fate of the pollutants entering the basin will be determined as well. We will 
compare the analyzed data to what we expected from the basins based upon design models we 
created to determine areas of concern.    
3.2.5 Formulate Recommendations  
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Recommendations will be made to the DCR in concern to the stormwater basins. These 
recommendations will aim to improve the basin and maximize the basin’s potential for the region 
it is supporting. The recommendation that DCR selects for design improvements will be the bases 
for the development of our design element included in this project.  
3.2.6 Extrapolation of Findings 
There are a series of basins in the I-190 region of the Wachusett Watershed. Our team hopes to 
have a greater impact on the region as a whole by extrapolate findings and recommendations to 
all basins located in this section as limitations allow.  
Section 4: Expected Outcomes  
For this project, our team will evaluate the efficiency of the basins in the Wachusett Watershed 
and provide the DCR with data to be used to promote high water quality. The tasks timeline 
shown in Table 2 summarizes our general deadlines for the sections of the projects. The main 
points to highlight are to select the sampling site(s) by October 10th and to collect samples during 
all of B term in parallel with laboratory data analysis. The constraints are time, weather, and 
resources for the sampling plan.  
In conclusion, our team is excited to work with their sponsor and advisors to learn more about 
stormwater runoff and basins and to provide the DCR with a useful deliverable.  
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Appendix B: Layout    
 
FIGURE 58: SIDE VIEW OF THE SEDIMENTATION POOL’S DITCH 
As stated above, the water flowed from the road to a catch basin which directed the water 
through a series of pipes to a drainage ditch.  Concrete ditches were used to transport runoff 
between the road and the basin itself. Figure 58 shows how the water was contained in the ditch 
due to the sloped edges, rather than moving into the basin.   
 
FIGURE 59: TOP AND SIDE VIEW OF INLET WEIR 
Figure 59 shows the inlet ditch from two different views: top view and profile section.  From the 
top view it can be seen how the concrete was formed to funnel the water toward the basin with 
the outer sides sloped. The side view of the inlet weir shows a better view of the 10:1 sloped 
edges.    
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FIGURE 60: TYPE 1 OF BARRIER 
 
FIGURE 61: TYPE 2 OF BARRIER 
Figure 60 and 61 shown above displays two types of barrier that can be found in basins between 
the chambers. Either type of barrier can be found in basins along I-190.  The Chamber 1 is 
indicated on the left side and is called the “pool side” on the figures. The Chamber 2 is indicated 
on the right side and is called the “filter side” on the figures. Notice how both have stones built 
up on either side of the concrete weir wall for erosion control when the barrier is overtopped.   
 
FIGURE 62: SIDE VIEW OF OUTLET WEIR 
Figure 62 shows the outlet channel of the berm filter transition. There was crushed stone beneath 
the sand filter to increase infiltration into the soil and decrease future erosion. There was gravel 
outside of the basin which decreased erosion when water overflowed the basin.  
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FIGURE 63: TOP VIEW AND SIDE VIEW OF THE BASIN 
Figure 63 shows the top of a standard basin and the side view of the basin. These basins are 
designed to a standard that requires low maintenance over the course of several years.  The 
slopes and materials were chosen to decrease erosion and to withstand large storm flows.   
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Appendix C: Thermometer Procedure   
Temperature was measured at the Stillwater River and at the runoff pool when samples were 
collected as described in Table 16 because it is a parameter crucial to water quality. The 
temperature of water influences physical and chemical properties of the water. 
TABLE 16: TEMPERATURE MEASUREMENT SUPPLIES AND PROCEDURE 
Supplies  Procedure  
● Thermometer   1. Place thermometer in water for 1 minute as shown in Figure 64 
2. Read the temperature and record it in field notebook 
 
 
FIGURE 64: MEASUREMENT OF TEMPERATURE 
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Appendix D: Lab Procedures  
Appendix D: 1 Specific Conductance  
To determine the rate of electric current in the sample the specific conductance was measured 
for each sample as described in Table 17.   
TABLE 17: GROUNDWATER COLLECTION SUPPLIES AND PROCEDURE 
Supplies  Procedure  
 ORION model 150 
 At least 100 mL of the 
sample 
 Beaker (100-mL to 
250-mL) 
1. Place water from sample bottle into a beaker 
2. Clean specific conductance probe with DI water 
3. Place probe in water sample so the end is completely submerged 
as seen in Figure 65 
4. When the machine says “ready” take reading 
5. Read numbers in microsiemens 
6. Compare results with USGS site if available 
 
 
FIGURE 65: SPECIFIC CONDUCTANCE PROBE 
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Appendix D: 2 Total Suspended Solids 
Total suspended solids (TSS) for various samples is measured to determine the amount of solids 
in the liquid trapped by a filter as described in Table 18. High concentrations for TSS correlates 
with poor water quality.   
TABLE 18: TOTAL SUSPENDED SOLIDS SUPPLIES AND PROCEDURE 
Supplies  Procedure  
 Appropriately sized 
graduated cylinder 
 Filter 
 Tweezers 
 DI Water 
 Pans 
 Drying Oven 
 Magnetic Funnel 
Base for Vacuum 
Flasks 
 Vacuum Flask 
 KNF Neuberger 
Vacuum Pump 
 Khem Wipes 
1. Wash and dry the Magnetic Funnel Base for Vacuum Flasks and place onto the 
Vacuum Flask 
2. Place filter on Magnetic Funnel Base with tweezers  
3. Wash filter with DI water with Vacuum Flask connected to KNF Neuberger 
Vacuum Pump 
a. Place water in funnel base before beginning vacuum 
b. Wet the new filter with DI water while being vacuumed 
c. Take tube off than take funnel off 
d. Remove filter and place into labeled pan 
e. Place in dryer for at least 24 hours 
4. Clean scale with Khem wipes and zero out the scale using On/Off Switch 
5. Weigh the dried filter on balance 
6. Measure water sample with graduated cylinder to ensure at least 1L 
a. If sample has medium visible suspended solids decrease 1L to 100 mL 
b. If sample has lots of visible suspended solids decrease 100 mL to 50 mL 
c. Make sure to note which samples have decreased amounts 
7. Filter sample with vacuum contraption KNF Neuberger Vacuum Pump 
a. Place DI water in before beginning vacuum 
b. Pour in sample as seen in Figure 66 
c. Rinse graduated cylinder and Magnetic Funnel Base 
d. Take tube off than take funnel off 
e. Remove filter and place into labeled pan as seen in Figure 67 
f. Place in dryer for at least 24 hours 
8. Weight dried filter, and suspended solids on balance 
9. Record data and subtract the dried filter weight from the dried filter and 
suspended solids weight 
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FIGURE 66: KNF NEUBERGER VACUUM PUMP 
 
FIGURE 67: DRIED FILTER WITH SOLIDS PRESENT 
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Appendix D: 3 Test for Elements: Soil  
Elements present in the soil samples were tested in the ICPMS Machine as described below in 
Table 19. Elements could be a source of contamination and knowing these levels helps 
understand the characteristics of the soil present in the project basin.  
TABLE 19: SOIL SAMPLE SUPPLIES AND PROCEDURE 
Supplies  Procedure  
 Soil samples 
 Drying Oven 
 Pans 
 Ziploc bags 
 ICPMS Machine 
1. Label small aluminum pans 
2. Add small amount of soil as seen in Figure 68 
a. Make sure sample does not contain rocks or plants 
3. Place in drying oven 
4. Remove from oven at least 24 hours later as seen in Figure 69 
5. Place in labeled Ziploc bags and put in back lab room 
6. Don uses acids to digest soils 
7. Test soils in ICPMS 
 
FIGURE 68: PLACEMENT OF SOIL SAMPLE ON PAN 
     
FIGURE 69: SOIL DRIED IN OVEN 
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Appendix D: 4 Test for Elements and Anions: Runoff and Groundwater 
In the runoff and groundwater, the samples were tested for elements and anions in the ICPMS 
Machine and ICS Machine, respectively. Determining the levels of elements and anions present 
helps understand the levels of nutrients and contaminants present. Dissolved metals are 
measured by filtering out sediments present and testing the resulting filtered solution as 
described in Table 20. Digested metals measured by the collection of the total sample, where the 
sediments go through a process to be part of the solution that is tested as described in Table 21.   
TABLE 20: DISSOLVED METAL SUPPLIES AND PROCEDURE 
Supplies  Procedure  
 0.45 micron filter 
 Sample  
 Machine 
1. Measure out 50 mL of sample  
2. Put sample through filter  
3. Place filtered sample in machine  
 
TABLE 21: DIGESTED METAL SUPPLIES AND PROCEDURE 
Supplies  Procedure  
 Sample  
 Nitric Acid 
 Hydrochloric 
Acid 
 Hot Plate 
 Deionized water 
 Centrifuge  
 0.45 micron 
filter 
 Machine  
1. Shake sample bottle to get the sediment moving  
2. Take out 50 mL of sample  
3. Add 2 mL of nitric acid and 0.5 mL of hydrochloric acid to 
the sample  
4. Put this on a hot plate, digest for 5 hours and then leave 
overnight to cool (sample will be reduced to 25 mL) 
5. Add 25 mL of dionized water to bring sample up to 50 mL 
6. Place in Centrifuge  
7. Filter with a 0.45 micron filter 
8. Place sample in the machine  
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Appendix E: Drainage Area 
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Appendix F: Flow Rates  
Appendix F: 1 Cipolletti Weir Hand Calculations  
For the weir we constructed at the project basin, the height of the weir (H) was 1/3 feet and the 
length of the weir was 1.5 feet. Table 22 shows the level of water for each collection time.  
TABLE 22: FLOW RATES FOR STORM SAMPLES 
Date Sample Time Level of Water (ft.) Head (h) (ft.)  (Level of Water - H) Q (cfs) 
11/15 14:46:00 0.37 0.0367 0.1852 
11/15 15:17:00 0.39 0.0567 0.2862 
11/15 15:50:00 0.44 0.1067 0.5387 
11/15 16:15:00 0.41 0.0767 0.3872 
11/15 16:50:00 0.44 0.1067 0.5387 
11/29 15:07:00 0.35 0.0167 0.0842 
11/29 15:38:00 0.39 0.0567 0.2862 
11/29 16:07:00 0.39 0.0567 0.2862 
11/29 16:40:00 0.39 0.0567 0.2862 
11/29 17:08:00 0.4 0.0667 0.3367 
11/29 17:38:00 0.42 0.0867 0.4377 
 
Appendix F: 2 HydroCAD©  
 
FIGURE 70: PROJECT BASIN 16:07 1S HYDROCAD©  OUTPUT 
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FIGURE 71: BASIN 16:07 1P SUMMARY HYDROCAD©  OUTPUT 
 
FIGURE 72: OPTIMAL BASIN 1P SUMMARY 
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Appendix G: Field Notes  
Appendix G: 1 Field Visit 9-26-2016 
I-190 Stormwater Field Visit 
Date:         September 26, 2016 @ 1:00 pm 
Weather:     61⁰, Sunny  
Attendees:    Dan Crocker, Elizabeth Desjardins, Paul Mathisen, Julia Scott, Anna Valdez, Vincent Vignaly 
Basin 16 – 8  
 Is the standard basin design we have been seeing with the two chambers, stone ditch and ramp 
 The adjacent land is owned by DCR so there are no trespassing concerns  
 There is a washout of sediment creating a plunge pool that has caused a high point with high 
plant growth, would be an ideal place to sample  
 Dan believes that soil and bearing samples exist somewhere  
 Would have to build a weir in the channel to be able to test flow rate  
 Could potentially put a cloth fence in the basin to trap water in order to localize the infiltration 
to get groundwater samples 
 In 2004/2005 they removed sediment returning back to an even grade  
 
Figure 1: Basin 16-8    Figure 2: Sediment Plunge Pool 
 
Figure 3: Discharge Pipe to Basin Weir  
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Basin 16- 7  
 Was changed after construction, made smaller after road work was completed 
 Could potentially put sandbags along fence to be able to measure flow - would be a lot of work 
and may be able to get what is needed from a desktop analysis  
 Important to figure out what we want to find out/test before we take steps that cost money/ 
time to sample  
 Pipe -> Weir , estimate pipe is half full to determine what the weir size will need to be 
 Will be dealing with flashy drainage areas (watershed is usually used for larger areas made up of 
many drainage areas, also called Catchments) since there is a lot of impervious area due to road  
 
Figure 4: Basin 16-7 
 
Figure 5: Inflow Weir  
Basin 16: 2 
 Sediment was pulled out in 2004 
 Lots of cattails  
 Some water was present in the basin   
 Was made smaller after construction of the road 
 There is an old spring well nearby which means there is high groundwater which may be the 
reason why there was water present in the basin 
 Path to get to basin and near inlet is overgrown with poison Ivy present 
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                     Figure 6: Overgrown                                                            Figure 7: Water in the Basin 
 
Figure 8: Inflow Weir  
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Appendix G: 2 Field Visit 10-27-2016  
I-190 Stormwater Field Visit 
Date:         October 27, 2016 @ 5:20 pm - 6:20 pm 
Weather:     60⁰, Rain 
Attendees:     Elizabeth Desjardins, Anna Valdez  
Basin 16 – 7: Observation of Rain Event   
 It was noticed that MassDOT had cleared up the site for vehicle access  
 Trash was scattered around the premise of the basin, likely from the flash floods the week prior 
 There was flow entering the basin that will be able to be used for sampling  
 
Figure 1: Flow into the basin 
 Rain was constant during the entire site visit and was a more than a drizzle but not pouring 
 Participation Figures from the USGS sampling location nearby are provided below for reference
 
          Figure 2: Precipitation Data of Full Storm                   Figure 3: Precipitation data of October 27th  
 Debris lined the fence which restricted flow into the basin and caused pooling in the swale 
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     Figure 4: Precipitation data from October 27th                Figure 5: Precipitation data from October 27th  
 
 There was a washout of sediment at the end of the concrete creating pooling  
 At the beginning of the site visit water was only pooling in the area blocked by sediment but at 
the end of the site visit the water had started to flow further into the basin   
 
 
Figure 6: Pooling at 5:30 pm                                                  Figure 7: Pooling at 6:15 pm 
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Appendix G: 3 Field Visit 11-2-2016  
I-190 Stormwater Field Visit 
Date:         November 2, 2016 @ 8:00 am - 11:00 am 
Weather:     55⁰F, Sunny 
Attendees:     Elizabeth Desjardins, Paul Mathisen, Julia Scott, Anna Valdez, Vincent Vignaly 
Basin 16 – 7: Initial Day of Sampling  
 Upon arriving at the site the team conducted a basic walk through of the site. It was observed 
that the site had no standing water and there was additional litter within the basin. Overall they 
did not observe any major changes.  
 The sediment build up that was causing pooling during the last site visit (10/27/16) was 
observed for further detail and photographs were taken to reveal water was no longer present.  
 
Figure 1: Sediment Build Up 
 Due to only two groundwater sampling devices being available for the team to use, the team 
located two areas most suitable for testing groundwater at. The first location was approximately 
19 feet out from the inlet and roughly in the center of the first chamber. 
 At the groundwater sampling location a shovel was first used followed by a coring device to dig 
an approximately 1.5 foot hole. The groundwater device was then placed into the hole and 
surrounded with small rocks to prevent the filter from being clogged with sediment.   
 A soil sample was extracted from the coring device and revealed that the soil at this depth only 
included the lower layer of lighter ground below the sediment layer.  
 The hole was then filled back in and the groundwater device was left until the first storm event.  
 The Geopump for the groundwater devices was tested to make sure the piping fit but the pump 
was brought back to the lab.  
 The second groundwater device was placed outside the outfall of the basin in an area that 
appeared to contain a larger amount of moisture.  
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    Figure 2: Removing Topsoil with Shovel               Figure 3: Removing Lower Soil with Coring Device  
 
 
   Figure 4: Lower Soil Used for Sample S1          Figure 5: Groundwater Devise Surrounded by Small Stones  
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Figure 6: Groundwater Sampling Device with Pump  
 After the two groundwater devices were set the team continued to take soil samples. A total of 
6 soil samples (S1-S6) were taken to bring back to the lab to test. To visually see approximate 
locations of the sample locations please reference the map attached to these field notes.  
 The second sample, S2, was taken only 9 feet from the inlet where the sediment had built up. 
The coring device was used to take the sample. The soil was all dark sediment and the hole was 
a depth of 6 inches.  
 
Figure 7: Taking Core for sample S2 
 The third sample, S3, was taken on the other side of the basin, 98 feet from the inlet using the 
same technique as sample S2.  
 Sample S3 was a mixture of topsoil/sediment and lower soil. Most of this mixture was made up 
of lower soil. At this location there was only 1.5 inches of sediment.  
 The lower soil was able to be formed into a ribbon.  
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        Figure 8: Hole left after taking Sample S3                      Figure 9: Sample S3 
 The fourth sample, S4, was taken in the second chamber of the basin near the weir. It was taken 
76 feet from the inlet using the same technique as sample S2. This soil was sandy and mostly dry 
and consistent. A hole 1.5 feet deep was dug and there was no noticeable change in the soil.  
 
Figure 10: Sample S4 
 The fifth sample, S5, was taken near sample S1 and S2. It was taken 17 feet from the inlet using 
the same technique as sample S2. This soil was all sediment. A 1.5 foot hole was then dug and it 
was observed that there was 11 inches of sediment before the lower soil.  
 The sixth and final soil sample, S6, was taken outside the fence next to the concrete swale as a 
control. There was 9 inches of topsoil before sand was reached. Only the topsoil was used for 
the sample.  
 Before the team left the site they located the clean water bypass pipe to see if there was water 
present that could potentially be tested. Unfortunately there was no water.  
 The team looked at the inlet weir to assess the possibility of using sandbags to determine flow.  
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                             Figure 11: Dry Clean Water Bypass             Figure 12: Inlet Weir  
 On the way home from the basin the team stopped at three additional sites. Two sites were 
along the Stillwater Stream to take water samples and one was a spot along a stream that flows 
into the Stillwater stream to make observations.  
 At the first location along the stream, upstream of the basin, samples A1-A2 were taken about 2 
feet from the bank with sample bottle completely submerged in water. A liter bottle was used, 
A1, to test TSS and a 250 mL bottle, A2, was taken for the additional tests. The temperature was 
also recorded.  
 
 
Figure 13: Location Along Stillwater Stream where A1-A3 was taken 
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Figure 14: Stillwater Stream where A1-A3 was taken              Figure 15: Sample A1 
 The second location was along a stream that flows into the Stillwater stream to make 
observations. It was observed that the stream was flowing into the Stillwater at a fairly steady 
rate.  
 
                   Figure 16: Stream that flows into Stillwater     Figure 17: Stream  
 The third location, downstream of the basin, at the USGS Stillwater sample location, samples A3-
A4 were taken using the same method as the first location.  
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Figure 18: Temperature Reading  Figure 19: USGS Sampling Location  
 At the return of the trip all samples were stored in the fridge and all equipment was returned.  
 
 
Figure 20: Samples in Fridge  
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Appendix G: 4 Field Visit 11-14-2016 
I-190 Stormwater Field Visit 
Date:         November 14, 2016 @ 2:30pm-4:30pm 
Weather:     63⁰F, Partially Cloudy (Sunset)  
Attendees:     Elizabeth Desjardins, Paul Mathisen, Julia Scott, Anna Valdez, Vincent Vignaly 
Basin 16 – 7: Setup of Groundwater Devices  
 Professor Mathisen prepared the materials for two more additional groundwater sampling 
devices prior to the field visit 
 Mathisen brought two pvc pipes that have an interior diameter of .5” and a 1” nub on the 
bottom. The top was left open  
 While at the site, Anna used a saw to make deeper slits in the bottom of the pvc pipe to allow 
for inflow  
 
Figure 1: Cutting slits into groundwater devices  
 At the groundwater sampling location a shovel was first used followed by a coring device to dig 
a hole to place the device in  
 First device was placed in the first chamber in J8 at the depth of 15 inches  
 Second device was placed in chamber two in H8 at the depth of 19 inches  
 Once the groundwater device was placed in the hole, small pebbles were placed around the 
bottom to prevent clogging  
 The hole was then filled back in with soil and the groundwater device was left until the first 
storm event  
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   Figure 2: Coring device to dig hole   Figure 3: Groundwater device setup complete 
Basin 16 – 7: Setup for Runoff Sampling of Upcoming Storm  
 With the help of Professor Mathisen and Vinny we designed and built our Cipolletti Weir based 
upon a table that stated the discharge of standard Cipolletti weirs in ft3/s 
o Initial Piece of Wood: 11 in by 4 ft 
o Used Head = 0.7 ft  
o 4 in from the bottom 
o 2.5 ft lengthwise, split in half with 1.25 ft on each side   
o 4 to 1 Slope to make the weir trapezoid shape  
o Tools: circular saw, measuring tape, pen and square 
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Figure 4: Construction of weir  
 Once the weir was built we placed it at the top of the cement inlet  
 A level was used to ensure the weir was even  
 Sandbags were filled with sediment from the basin and placed around the weir to hold it in 
place and build up the inlet so that all the runoff will be directed through the weir and we could 
calculate flow  
 
       Figure 5: Filling of the sandbags   Figure 6: Setup of sandbags at weir  
 
 
Figure 7: Completed setup of weir and sandbags 
 The weir was left completely setup in preparation for storm event  
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Appendix G: 5 Field Visit 11-15-2016  
I-190 Stormwater Field Visit 
Date:         November 15, 2016 @ 10:30am-5:00pm (5.5 hours) 
Weather:     63⁰F, Partially Cloudy to Rain Storm depending on the time  
Attendees:     Elizabeth Desjardins, Julia Scott, Anna Valdez, Vincent Vignaly, Dan Crocker 
Basin 16 – 7: Collecting Runoff Samples 
 Upon arrival at the site, Elizabeth, Anna and Vincent took a look at the inlet weir flow setup 
 
     Figure 1: Top View of Weir Close up Figure 2: Weir Overview 
 The wooden weir was surrounded by small rocks on both sides of the wood and sandbags on the 
side to make a pooling area. A metal “L” was placed in front to slow down the runoff. The “mesh 
bag” was placed on the down-gradient side of the weir to reduce erosive forces and prevent 
undercutting.  
 Other metal pieces and concrete blocks were added to encourage pooling within the gauge 
pool.  
 One concrete block had a staff gauge, which read in feet, attached to it with duct tape.  
 A rain gage was also set up to measure precipitation.  
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Figure 3: Rain Gage 
 The rain gage was emptied before the start of the storm 
 Elizabeth and Anna waited in the car for the rain which started at 1:10pm  
 They left the site at 1pm  
 When Julia and Anna arrived back on site at 2:00 pm the rain was pouring generously  
 A puddle was forming behind the weir but not enough for a sample 
 A sample was collected at 2:15pm because more water was in the basin but still not enough to 
flow over the weir.  
 3 samples were taken 
o 1 - 1 L bottle for TSS 
o 2 - 250 mL bottle for specific conductance and metals 
 Other things noted 
o Height of pond 
o Temperature of water and air was noted 
o Amount of rainwater in gage was noted 
 Water flowed over the weir at 2:45pm  
 A sample was collected at 2:50pm and measurements were taken  
 Figure 4 shows this moment 
 
Figure 4: Weir with first water overflow 
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 Samples were then taken every half hour 
o 3:15pm, 3:50pm, 4:15pm, 4:50pm 
 The peak of the storm hit around 4:15pm  
o The water got its highest over the weir  
o Shown in Figure 5 
 
Figure 5: Basin during peak of the storm  Figure 6: Entrance to Weir at 4:15pm 
 
Figure 7: Pond when last sample was taken  Figure 8: Site at 4:50pm 
 Figure 6, 7, and 8 shows the site at the end of the sampling time 
o The sun had set so it was difficult to see 
o The back of the weir was a little damaged, most rocks were swept away with the rain 
o Sandbags worked but were saturated with water 
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o The weir did not keep 100% of the water pooled  
o The pond size had decreased from earlier in the night 
Basin 16 – 7: Basin  
The basin began filling with water at 3:15 
 As the storm continued the water flowed further into the basin but only in chamber 1  
 At 4:30 Anna took two samples and some measurements from the basin 
 Sample A-3, 250 mL water sample, was taken at Location I5 - edge on basin on the rocks 
between both basins. the water was 4” high in that spot 
 Sample A-4, 250 mL water sample, was taken at Location H8, in basin 2 next to the weir. 3” of 
standing water was found.  
 4.5” of standing water was found in I9  
 
 Figure 9: Water Standing in Chamber 1  Figure 10: Chamber 1 with standing water 
 
 
Figure 11: Chamber 2 with standing water at weir 
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Appendix G: 6 Field Visit 11-16-2016  
I-190 Stormwater Field Visit 
Date:         November 16, 2016 @ 8:00am-10:15am 
Weather:     50⁰F, Cloudy 
Attendees:     Elizabeth Desjardins, Julia Scott, Anna Valdez 
Basin 16 – 7: Groundwater Sampling   
 Elizabeth, Julia, and Anna visited the site the morning after the first sampling storm to observe 
and take groundwater samples  
 The first observation made at the site was that the second half of chamber 1 still had surface 
water present and there was a small pool of water in the second chamber near the weir  
 The first half of chamber 1, by the inlet was moist but there was no surface water present 
 The weir that was constructed by the team to determine flow, was observed to be slightly 
damaged and will need minor repairs and additional reinforcement prior to the next storm 
 
Figure 1: Second Half of Chamber 1                Figure 2: Pooling water in Chamber 2 
 
 
Figure 3: First Half of Chamber 1  Figure 4: Damaged Weir 
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 After the team finished observing the site they began taking groundwater samples 
 They took samples G1-G3 from the groundwater device in chamber 1 closest to the inlet. The 
device did not have any surface water around it.  
 The team hooked the pump up to the tubing that was already in the groundwater pump and 
took three flushes and then three samples. Only the three sample bottles were saved, the three 
flushed were poured out. The flushes were initially kept in case there was not enough water to 
fill three more bottles.  
 
Figure 5: Sampling at Location 1  Figure 6: Filling sample bottles at Location 1 
 At the second location, in chamber 2, samples G4-G6 were taken. This groundwater device also 
had no surface water above it but the pooling water was only a few feet away. At this location 
the team stuck a tube down the pvc pipe and hooked the pipe up to the pump. Again they took 
three flushes and three samples and only kept the samples.  
 
Figure 7: Sampling at Location 2 
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 The third location, Samples G7-G9, was in the middle of chamber 1. This location was 
surrounded by surface water so the team had to be careful to not get the pump near the water. 
They then proceeded with the same process as location 2.  
 
       Figure 8: Sampling at Location 3  Figure 9: Location 3 Flushes and Samples  
 For the fourth location the team had to walk on the outside of the fence to get to the 
groundwater device past the outlet of the basin where samples G10-G12 were taken. This 
groundwater device was different than the other three and the team had to attach the tubing to 
the metal rod. Only one flush was able to be taken at this site but the water was visibly clearer.  
 
 
Figure 10: Sampling at Location  4 Figure 11: All Samples 
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Appendix G: 7 Field Visits 11-29-2016  
I-190 Stormwater Field Visit 
Date:                     November 29, 2016 @ 10:00am-6:00pm (8 hours) 
Weather:             35-40⁰F, Drizzling to Rain Storm depending on the time  
Attendees:        Elizabeth Desjardins, Julia Scott, Anna Valdez, Vincent Vignaly, Steve Sulprizio 
 Basin 16 – 7: Collecting Runoff Samples 
 Upon arrival at the site, Elizabeth, Julia and Vinny took a look at the inlet weir flow setup and 
made sure excess debris was cleared away and any air gaps underneath the weir were filled 
 The wooden weir was still in place from the last storm 
  
Photo 1: Weir Ready for Storm  
 The rain gage was emptied before the start of the storm 
 Vinny dug a 2 ft hole for a new PVC groundwater well in the first chamber  
 The well was constructed using the same process as the wells currently in place  
  
Photo 2:  2’ Hole for Groundwater Well   Photo 3: New PVC Groundwater Well 
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 Steve arrived at site to see the layout of the weir, the groundwater wells and to observe our 
process for collecting samples  
 Rain began at 10:45am but first sample was not taken until 3:07pm when a large enough pool 
had formed and the water started to flow over the weir 
 The rain kept lessening and increasing from 10:45am-2pm and beginning at 2pm a steady rain 
storm had begun  
 3 samples were taken each time  
o 1 - 1 L bottle for TSS 
o 2 - 250 mL bottle for specific conductance and metals 
 Other things noted 
o Height of pond 
o Temperature of water and air was noted 
o Amount of rainwater in gage was noted 
 Samples were then taken every half hour 
o 3:38pm, 4:07pm, 4:40pm, 5:08pm and 5:38pm  
  
Photo 4: Waiting for the Pool to Fill   Photo 5: Seconds Before Overflow  
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Photo 6: Example of Pool Height Measurement  
 Additionally at 3pm the hydrolab was placed in the pool area in front of the weir  
o Around 10am the next morning, 11/30, Vinny picked up the hydrolab  
 
Photo 7: Hydrolab 
  
 Steve arrived around 3pm to take some measurements using his equipment  
o Measured pH, temperature, DO, specific conductance and specific conductance  
 Samples were also collected from the Stillwater River at the upstream and downstream 
locations previously used  
o 2:20pm-2:30pm and 4:10pm - 4:20pm  
o 1 - 1 L bottle for TSS 
o 2 - 250 mL bottle for specific conductance and metals 
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Appendix G: 8 Field Visit 12-2-2016 
I-190 Stormwater Field Visit 
Date:                     December 1, 2016 @ 8:20 am-10:30 am 
Weather:             43⁰F, Sunny 
Attendees:        Elizabeth Desjardins, Julia Scott, Steve Sulprizio, Anna Valdez 
Basin 16 – 7: Groundwater Sampling   
 Elizabeth, Julia, and Anna visited the site two mornings after the second  sampling storm to 
observe and take groundwater samples  
 The first observation made when arrived at the site was that there was still a small pool of water 
being restricted by the constructed weir  
 The second observation was that all of chamber 1 still had surface water present and there was 
a small pool of water in the second chamber near the weir with flow entering the second 
chamber through a crack in the wooden weir separating the chambers  
 There had been another storm the night before so the water observed in the basin was likely 
largely from that storm and not the storm samples  
  
Figure 1: Pool Behind Constructed Weir   Figure 2: Pooling water in Chamber 1 (SouthWest View)  
 
Figure 3: Pooling Water in Chamber 1 ( NorthWest View)  Figure 4: Weir between Chambers 
  132 
  
Figure 5: Pooling in Chamber 2  
 After the team finished observing the site they began taking groundwater samples 
 They took samples G13-G15 from the groundwater device in chamber 1 closest to the inlet. The 
groundwater device was surrounded by surface water  
 The team hooked the pump up to the tubing that was already in the groundwater pump and 
took three flushes and then three samples. Only the three sample bottles were saved, the three 
flushed were poured out. The flushes were initially kept in case there was not enough water to 
fill three more bottles.  
  
Figure 6: Sampling at Location 1 
 While moving to sample at the second location Steve arrived to observe the groundwater 
sampling procedure   
 At the second location in chamber 1, the newest groundwater device installed, samples G16 
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 G18 were taken. This groundwater device was also surrounded by surface water.  At this 
location the team stuck a tube down the pvc pipe and hooked the pipe up to the pump. 
Again they took three flushes and three samples and only kept the samples.  
  
Figure 7: Sampling at Location 2 
 The third location, Samples G19-G21, was in the middle of chamber 1, the furthest from the 
inlet in chamber 1. This location was surrounded by surface water that almost reached the top 
of the groundwater device. They then proceeded with the same process as location 2.  
  
Figure 8: Sampling at Location 3  
 The fourth location, chamber 2, Samples G22-G24 were taken. There was about an inch of 
surface water surrounding the groundwater device. The same method as in location 2 and 3 was 
used.  
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Figure 9: Sampling at Location 4 
 For the fifth location the team had to walk on the outside of the fence to get to the groundwater 
device past the outlet of the basin where samples G25-G27 were taken. This groundwater 
device was different than the other three and the team had to attach the tubing to the metal 
rod. Only one flush was able to be taken at this site but the water was visibly clearer.  
  
Figure 10: Sampling at Location 5 
All samples were brought back to the lab for testing of TSS, pH, specific conductance, minerals, and 
metals. 
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Appendix H: Data Sheets 
Appendix H: 1 Field Data Sheet: Surface Water 
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Appendix H: 2 Field Data Sheet: Runoff  
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Appendix H: 3 Field Data Sheet: Groundwater 
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Appendix H: 4 Field Data Sheet: Soil 
 
Appendix H: 5 Lab Data: Digested Metals 
Will be larger in final 
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Appendix H: 6 Lab Data: Digested Minerals 
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Appendix H: 7 Lab Data: Dissolved Metals 
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Appendix H: 8 Lab Data: Dissolved Minerals 
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Appendix I: Graphs 
Appendix I: 1 Soil  
Figure 73 is of the soil samples taken at 5 locations throughout the basin and a control (F).  The 
samples were tested for digested minerals and metals. The highest contaminants present are Al 
and Mg at C and D.  
 
FIGURE 73: SOILS TESTED FOR DIGESTED METALS 
Figure 74 is the same as Figure 74 except it excludes data of Al and Mg. The highest contaminants 
present are K, Ca-1 and Na.  
 
FIGURE 74: SOILS TESTED FOR DIGESTED METALS W/O AL AND MG 
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Appendix I: 2 Runoff  
Figure 75 shows the correlation between pH and Specific Conductance from Storm 2 runoff 
samples. The pH has a nonlinear spike to it at 4:40pm which could be a bad reading or represents 
a sudden change in water quality.  
 
FIGURE 75: RUNOFF TESTED FOR PH VS. SPECIFIC CONDUCTANCE FOR STORM 2 
Figure 76 shows the correlation between the levels of metals and the specific conductance. As the 
metals concentrations increase or decrease so do the specific conductance levels.  
 
 
FIGURE 76: RUNOFF TESTED FOR DISSOLVED METALS WITH SPECIFIC CONDUCTANCE FOR STORM 1 
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Figure 77 shows the correlation between pH levels and the dissolved metals found in Storm 2 
runoff samples. The pH has a large peak at 4:40pm which matches a small increase in Na.  
 
FIGURE 77:  RUNOFF TESTED FOR DISSOLVED METALS WITH PH FOR STORM 2 
Figure 78 shows the total precipitation during Storm 1 with the decreasing levels of dissolved 
metals. The concentration of metals decrease after the first flush at 2:46pm. 
 
FIGURE 78: RUNOFF DISSOLVE METALS WITH TOTAL PRECIPITATION FROM STORM 1 
  145 
Figure 79 shows the total precipitation during Storm 1 with the decreasing levels of dissolved 
metals, however it leaves out Na. By leaving out Na you can see how the other metals similarly 
decrease after the first flush at 2:46pm. 
 
FIGURE 79: RUNOFF METALS W/OUT NA WITH TOTAL PRECIPITATION FROM STORM 1 
Figure 80 shows the total precipitation during Storm 2 with the decreasing levels of dissolved 
metals. As the total amount of precipitation increases the amount of metals in the samples 
decreases. 
 
FIGURE 80: RUNOFF DISSOLVED METALS WITH CUMULATIVE PRECIPITATION FROM STORM 2 
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Figure 81 shows the decrease in metal concentrations without Na as the total precipitation 
increased over time. 
 
FIGURE 81: RUNOFF DISSOLVED METALS W/OUT NA WITH CUMULATIVE PRECIPITATION FROM STORM 2 
Appendix I: 3 Groundwater  
Figure 82 represents the groundwater samples taken throughout the basin after Storm 1. These 
samples were tested for dissolved metals. The highest contaminant present is Na and it is highest 
at location 3. Specific Conductance mirrors the Na levels, increasing from location 1 to 3 and then 
decreasing from that point forward out of the basin.  
 
FIGURE 82: GROUNDWATER TESTED FOR DISSOLVED METALS STORM 1 
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Figure 83 represents Figure 82 except without Na to show the other levels of contaminants. Fe-
1, Al and K are the highest contaminants present.  
 
FIGURE 83: GROUNDWATER TESTED FOR DISSOLVED METALS STORM 1 WITHOUT NA 
Figure 84 represents the groundwater samples tested for digested metals after the first storm. 
Here Na is the highest level present again. The largest spike in Na can be seen at location 5, taken 
outside of the basin. We can guess that there are two possibilities for why this happened. The 
first is that the ground water from the storm was moving and when we took samples from the 
furthest location it had the most sodium in it. The second is that it the groundwater tubes were 
not cleaned well and picked up some unwanted soil which contained high levels of Na.  
 
FIGURE 84: GROUNDWATER TESTED FOR DIGESTED METALS STORM 1 
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Figure 85 is the same as Figure 84 except without Na, revealing Fe-1 to be high at locations 1, 3, 
and 5. Higher levels of Al at location 1, detected levels of Mg and K at locations 3 and 5 are shown 
on the figure. 
 
FIGURE 85: GROUNDWATER TESTED FOR DIGESTED METALS STORM 1 WITHOUT NA 
This Figure 86 represents the groundwater results for dissolved metals after Storm 2. Na remains 
with the highest levels present and the level of specific conductance is highest in the location 
outside of the basin.  
 
FIGURE 86: GROUNDWATER TESTED FOR DISSOLVED METALS STORM 2 
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Figure 87 is the same as 86 except without Na present. The highest contaminants shown in this 
figure are Ca-1, Mg and K.  
 
FIGURE 87: GROUNDWATER TESTED FOR DISSOLVED METALS STORM 2 WITHOUT NA 
Appendix I: 4 Surface Water  
Figure 88 shows the difference between the levels of TSS present upstream compared to 
downstream during different conditions. Furthest to the left are bars with almost identical TSS 
concentrations upstream and downstream that represent dry weather conditions on November 
9th, 2016 around 3:30pm. The two sets of bars furthest to the right are from data collected during 
Storm 2, we did not collect samples during Storm 1.  The samples for the middle bars were taken 
at 2:30 pm about 3.5 hours after the start of the storm and the bars to the furthest right were 
taken at 4pm or 5 hours after the start of the storm and an hour and a half before peak flow. For 
the Storm 2 data there is a greater amount of TSS downstream with a greater delta closer to the 
start of the storm. Additionally, there is a greater amount of TSS during wet weather compared 
to dry weather.  
 
FIGURE 88: STREAM WATER TESTED FOR TSS 
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Figure 89 shows the relationship of the upstream and downstream locations of the Stillwater 
River. These samples were taken during dry weather. Specific conductance and contaminants 
increased downstream and highest metals found were Na and Ca-1.  
 
FIGURE 89: SURFACE WATER DOWNSTREAM VS. UPSTREAM TESTED FOR DISSOLVED METALS DURING DRY 
WEATHER 
Figure 90 is the same as Figure 89 except with Na because the levels of Na were so high. This 
figure clearly shows the highest levels of contaminants to be Ca-1, K, and Mg. 
 
FIGURE 90: SURFACE WATER DOWNSTREAM VS. UPSTREAM DISSOLVED METALS W/OUT NA 
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Figure 91 show the different levels of metals present upstream and downstream in the Stillwater 
River during a storm on 11/29. Again Na levels were the highest present and the specific 
conductance increased from upstream to downstream.   
 
FIGURE 91: SURFACE WATER DOWNSTREAM VS. UPSTREAM TESTED FOR DISSOLVED METALS STORM 2 
Figure 92 is the same as Figure 91 except without Na. Here the highest levels Ca-1, K and Mg just 
like Figures 89 and 90.   
 
FIGURE 92: SURFACE WATER DOWNSTREAM VS UPSTREAM TESTED FOR DISSOLVED METALS STORM 2 W/OUT 
NA 
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Appendix J: USGS Storm Data 
Appendix J: 1 USGS 11/15/2016 Data 
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Appendix J: 2 USGS 11/29/2017 Data 
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